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EXECUTIVE SUMMARY

The Town of Quantico 1is approximately 45 acres in size with an estimated
population of approximately 700 people. Prior to 1986, the Town was completely
surrounded by the Quantico Marine Corps Base which encompasses approximately
60,000 acres of land area with 15,000 to 20,000 militatry personnel and civilians.
In 1986, the federal government deeded a 4.21-acre parcel along the Potomac
River to the Town for public park use subject to specific conditions. This
sudden substantial increase in land area (10%) provides the Town an opportunity
for direct waterfront access and economic growth. Essential to these goals are
the stabilization of the existing shoreline and the selection of an overall
project that is consistent with all environmental requirements. The information
summarized in this report is intended to provide a sound basis for further
pursuing the accomplishment of these goals and objectives. The significant
findings during the performance of the environmental and engineering evaluations

are briefly summarized in the following paragraphs.

The natural environmental setting of the subject site has been altered by manmade
activities since at least the early 1900s. 1Initially, the Quantico Company, an
early commercial enterprise, benefitted by using the area as a seaport with its
excellent access to the Potomac River. By 1925, the United States Marine Corps
had established their presence totally surrounding the Town and constructing the
present-day dock and marina. Ocean-worthy military vessels would frequently
visit using the available facilities. Additionally, the channel of Little Creek
which naturally flowed directly into the Potomac River along the northern limits
of the subject site was diverted to the north adjacené the Richmond,
Fredericksburg, and Potomac (RF&P) Railroad and into Quantico Creek. This
diversion probably benefitted the RF&P, the Town, and the U.S. Marine Corps Base
at the time by reducing the flood damage potential. Seawalls to stabilize the
shoreline were also constructed during at least two (2) different periods. The
most recent structure can be seen today while the earlier structure has been

filled.



Within the shoreline and open water area adjacent the site, the following

characteristics prevail:

. Mean Low Water (MLW) is elevation -0.23 foot.

. Mean High Water (MHW) is elevation 1.14 feet.

. Tide Range is 1.37 feet.

. Basin depth gradually increases from O foot at the shoreline to 6

feet approximately 600 feet away.

. Average currents are less than 1.0 knot with varying directions

dependent on the tide condition.

. Critical design wind direction for shore stabilization is from the

north-northeast.

. Shoreline area is classified as a nonvegetated tidal wetland with

evidence of local erosion.

. The Potomac River in the area is classified as an estuary within the

tidal freshwater salinity zone.

. Water Quality within the basin is good to excellent based on

Dissolved Oxygen (DO) and Total Suspendéd Solids (TSS) levels.

’ Heavy metal concentrations in the bottom sediments of the basin area

are within the expected range. No toxic substances appear to be

present.
. Submerged Aquatic Vegetation (SAV) was present this past summer
throughout the basin area. The predominant species were

watermilfoil, wild celery, and hydrilla.
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The proposed project primarily consists of a public park, with possible restroom
facilities and a free-standing restaurant, and a marina with 130 to 140 boat
slips. Shoreline stabilization is proposed which involves repairing some
portions of the existing seawall with stone reinforcement while completely
replacing other portions with a full section riprap revetment structure. A
breakwater structure to provide shoreline protection while ensuring a safe harbor
within the new marina is also proposed. The proposed project was presented to
federal, state, and local agency representatives on August 21 and 22, 1§89, at
the site to solicit comments and to determine jurisdictionmal responsibilities.

In attendance were representatives of the following agencies:

U.S. Army Corps of Engineers, Norfolk District
Virginia Marine Resources Commission (VMRC)
Virginia Institute of Marina Sciences (VIMS)
Maryland Department of Natural Resources (DNR)
Prince William County

Shoreline Erosion Advisory Service (SEAS) of Virginia

The single most significant comment among all federal and state agencies was that
impacts to submerged aquatic vegetation (SAV) are highly undesirable and must
be aveoided to the extent practical. As of the date this report was finalized,
both Maryland DNR and VIMS provided written comments further stressing this
concern and indicating that favorable recommendations for permit approval would
require design compromises resulting in lesser environmental impacts. Maryland
DNR also clarified that at this time the same policies and procedures will be
invoked for a wetlands license application regardless of whether or not the
project originates from the Virginia or Maryland shoreline. The same regulatory
position is expected from the Maryland Department of Environmental Resources,
who must issue a Section 401 water quality certificate since the Potomac River

below mean low water is within the State of Maryland.

In view of the comments provided, alternatives to the proposed project were
investigated to determine the general feasibility of satisfying the proposed

project goals and objectives while minimizing impacts to SAVs. Based on the
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alternatives evaluated, it appears that impacts to SAVs can be reduced from
approximately 5.0 acres to 2.5 acres while still providing a soundly designed
public marina for as many as 60 to 70 boat slips. Further reductions or changes
in the size or the configuration of the marina are on the verge of being

impractical or cost-prohibitive.

The condition of the existing shoreline and seawall warrants some level of repair
and additional stabilization regardless of whether or not a marina is
constructed. The level of protection and associated cost to construct would
increase as improvements to the park area are added. If no shoreline
improvements are provided, the shoreline would likely continue to erode and the
existing seawall will eventually collapse. Minimum improvements in the form of
seawall repairs and riprap protection along the northern portion of the site
would reduce the potential for loss of shoreline under frequent storm conditions.
More significant repairs should be considered by weighing the costs of initial
construction against the potential for property damages (land and/or marina) and

emergency maintenance.

In addition to the environmental issues involved with obtaining all of the
necessary federal and state approvals to construct the proposed project or any
feasible alternatives, a number of other issues must be overcome. These
obstacles and the order in which it is recommended that the Town initiate their

solution are summarized below:

’ Possible parking lot locations for the proposed project need to be
investigated in greater detail. Comments from the public and the
appropriate representatives of the U.S. Marine Corps Base should be
solicited. Impacts to existing residences and Base operations need
to be minimized while providing ample parking spaces and functional

layout.

. The proposed breakwater structure encroaches into waters where the

adjacent shoreline is within the Marine Corps Base. Traditionally,



such an encroachment would likely be unacceptable without permission
from the landowner. It is suggested that the Town coordinate with
the appropriate representative(s) of Marine Corps Base to obtain the

necessary permission prior to preparing any permit applications.

In order to satisfy the conditions imposed by the federal government
when the land was donated, an environmental assessment (EA) appears
to be neceésary. A scoping meeting with the U.S. Department of
Interior is recommended to present the proposed project and to
determine the desired format and content of the lead federal agency.
The alternatives to be further studied and presented should also be
determined. Additional coordination with representatives of the U.S.
Army Corps of Engineers, Maryland DOE, and Maryland DNR during the

preparation of the EA is recommended.

Probable disposal sites for 5,000 to 30,000 cubic yards of d;édged
material need to be identified through coordination with Marine Corps
Base personnel and subsequent discussions with the appropriate
agencies. The availability of a disposal site will 1ikely'dictate

the construction schedule.

Funding alternatives that consider construction costs and estimated

revenues from the selected project need to be investigated.

Compliance with the Chesapeake Bay Preservation Area Designation and
Management Regulations will be required within the next year.
Resource Protection Areas (RPAs) and Resource Management Areas (RMAs)
will need to be designated by the Town through coordination with
representatives of Prince William County and the Chesapeake Bay Local
Assistance Department. It is recommended that the appropriate
representative(s) of the Town contact Prince William County in the
near future to establish the lines of communication and to discuss

the specific criteria for designating RPAs and RMAs.



Subject to determining the extent of SAVs that can be impacted given the Town's
rather unique circumstances, it appears that a marina with a breakwater structure
will provide substantial shoreline protection. Additional stabilization measures
include replacing and repairing the existing seawall using riprap. The use of
wetland vegetation along the shoreline should also be considered during the
preparation of an environmental assessment and future discussions with the
agencies. Creating a vegetated wetland compatible with the SAVs could be offered

as mitigation for the unavoidable impacts.
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I'

INTRODUCTION

PROJECT DESCRIPTION

The Town of Quantico is located in Prince William County,
Virginia, approximately 30 miles south of Washington, D.C. A
Vicinity Map is shown on Figure 1. Except for approximately 500
feet of riverfront property along the Potomac River, the Town is

surrounded by the U.S. Marine Corps Base.

The work performed under this contract for the Potomac Riverfront
Park Project is based on a "Coastal Resources Management Grant
Contract"” awarded to the Town of Quantico through the Virginia
Council on the Environmment. The description of the work scope is
specified in the "Request for Proposal 1989" publicly announced
by the Town of Quantico. Copies of the grant contract and the

public announcement are provided in Appendices 1 and 2.

The riverfront property that is‘the subject of this project covers
a total land area of 4.21 acres, and was deeded to the Town of
Quantico in 1986 by the Federal Government. Copies of some of the
relevant documents containing various details of this transaction
are also included in Appendix 1. The following conditions of
property use are significant for the purposes of the present

project:

. the property shall be used and maintained exclusively for

public purposes;

. the property shall not be sold, leased, assigned, etc.,
except to another government agency. However, concession
agreements to third parties may be allowed with written
approval of the Secretary of the U.S. Department of

Interior;

I-1
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FIGURE 1 - Vicinity Map And Topographical Map
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. the property will be subject to various public laws and

provisions, including the National Environmental Act of
1969, as amended, the National Historic Preservation Act of
1969, as amended, the Architectural Barrier Act of 1968,
Public Laws 90-480, 91-205 and 93-112 (for the physically
handicapped), and Executive Orders 11988 and 11990 concern-

ing floodplain management and protection of wetlands.

In conjunction with the above, the Town of Quantico proposes to
develop the land as a public park. The principal elements of the
proposed park project are a marina consisting of a breakwater and
piers, and restoration of the shoreline for recreational use
including the repair and replacement of the deteriorated portion

of the existing seawall.

The combined park and marina project, referred to hereafter as the
proposed project, will provide -the Town of Quantico a means for
limited economic expansion while greatly improving access to the
Potomac River for the general public, both boating and nonboating,
and the Marine Corps Base personnel and their families. Thus, the
proposed project is also consistent with the State’s Comprehensive
Outdoor Recreation Plan which identified a significant need for

boater access to the Potomac below the Occoquan River.

Prior to the engineering design of the proposed project, it was
determined that it would be appropriate to conduct an environmen-
tal study to identify envirommentally sound strategies for
stabilization and management of the shoreline so as to prevent

adverse environmental impacts in the future.

As mentioned in the application for the grant by the Town of
Quantico to the Virginia Council on the Environment, the primary
objectives of the first phase of the work represented by this

environmental study are:

I-3
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View Of The Proposed Marina Basin (Looking North)

Of The Shoreline And Riverfront Park Area (Looking South)
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. to eliminate the present adverse conditions, including
prevention of the collection of the unsightly debris along
the southern end of the shoreline,

. to make recommendations for the restoration of the deteri-
orated portion of the existing seawall, and to otherwise
recommend improvements to the shoreline conditions for
public access and recreation purposes,

. to ensure that the proposed improvements will not create
adverse environmental impacts,

. to create an environmentally sound, economically feasible

and aesthetically pleasant waterfront facility.

It is also mentioned in the Town’s application for the grant, that
the subsequent phases of the project, not included in the present
scope, will incorporate the findings of the present study for
performing detailed designs, estimating construction costs,
obtaining all applicable federal, state and local approvals and

permits, and preparing construction plans, and specifications.
STUDY OBJECTIVES AND WORK SCOPE

The objectives of this study were specified in the public an-

nouncement by the Town of Quantico as follows:

. to identify environmental sensitivities and make recommenda-
tions to protect portions of the Potomac Shoreline,
. ‘to convert this riverfront area into a recreational park and

marina in an environmentally sound manner.

The elements of the study’s work scope were also identified by the

Town with the assistance of the Northern Virginia Planning

District Commission (NVPDC) and are listed below:

I-6



1. Identification of permits for shoreline stabilization and
marina development.

A bathymetric survey.

Evaluation of shoreline erosion and sedimentation.
Sediment analysis.

Identification of all dredging needs.

Tidal and flood elevation identification.

~Noy e BN

Wind and wave climate assessment.

Additional tasks prescribed by the Town and NVPDC further iden-

tifying the deliverables include the following:

1. Listing of environmental constraints and shoreline stabil-
ization needs.

2. Identifying effective angles and design requirements for
structures needed to protect shoreline areas.

3. Listing required permits for shoreline stabilization and
marina development activities. ‘

4, Identifying all required dredging and possible locations for
dredge spoils.

5. Providing a bathymetric map of the study area.

Dewberry & Davis (D&D) performed the work referred to above and in

accordance with the study proposal accepted by the Town of

Quantico. Notice to Proceed was issued on May 3, 1989,

HISTORICAL NOTES -

The Town of Quantico is the outgrowth of a small fishing village
that was also a railroad siding for the Richmond, Fredericksburg
and Potomac Railroad serving Dumfries and towns to the west.
Among the important milestones in the development of the Town of
Quantico were the formation of the Quantico Company and the

arrival of the U.S. Marines.

I-7
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The following summary of the Town’s early history is excerpted

from "Quantico: Crossroads of the Marine Corps," pp. 18-19.

"The Quantico Company was formed after the turn of the
century and took up the task of building a town where
the Potomac Land and Improvement Company had failed.
Although still officially listed as "Potomac," the
village soon came to be called "Quantico" because of
its location on Quantico Creek and because of the
promotional efforts of the Quantico Company."

"A big enterprise of the Quantico Company was to
promote the town as a tourist and "excursion" center.
Picnic areas were set up, the Potomac river bank was
turned into pleasant beaches complete with dressing
rooms and refreshment stands, and a flotilla of boats
and launches were available for visitors."

"The steamer St. Johns regularly stopped at Quantico,

bringing picnickers and tourists from Washington, D.C.,
to the north and Richmond to the south. In one week
alone during the summer of 1916, an estimated 2,600
visitors came to Quantico by launch, steamer, and
train, with greater numbers predicted for the following
tourist season.”

"The Quantico Company advertised Quantico as "The New
Industrial City" and offered lots 25 by 110 feet, and
villa sites from 5 to 10 acres and laid out one street
complete with sewers. At the same time, the company
pushed for industry to come into the area."

"Early in 1916 work began on the Quantico Shipyards
located near Shipping Point on land now occupied by the
Naval Hospital. By mid-1916 railroad sidings had been
extended to the site and foundations for three steel-
framed buildings had been laid. Reports indicate that
that enough ships had been contracted for by that time
to keep the plants busy for more than a year. The
company planned to build ocean freighters and tankers,
with passenger ship construction predicted for the
future. The yard was advertised as one of the largest
shipyards in the Western Hemisphere."

"In addition, growing United States concern with the
war in Europe prompted shipbuilding officials to report
that they would soon be bidding for construction of
U.S. Navy ships as well."
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"As a fishing village, excursion center, and now a

shipbuilding center, Quanticoc was still not very large

or significant, but it was here to stay. Within a

year, the U.S. Marines would arrive and permanently put

"Quantico"™ on the map and make its name known around

the world."
According to the historical maps, the pier referred to as the
Marine Corps Base dock was constructed around 1903-1904. It is
clear from a Marine Barracks Plan reproduced in Figure 2 that the
dock was in existence at its present-day size and configuration as
early as 1919. The size and historical significance of the dock
is again illustrated by the 1925 photograph of the ship USS
Henderson reproduced in Figure 3. The photograph also shows that

the marina on the south side of the pier was fully in place by

1925.

Until the 4.21-acre shoreline segment north of the Marine Base
dock was deeded in 1986 by the U.S. Government to the Town of
Quantico, the Town had been completely surrounded by Federal
property occupied by the Quantico Marine Base. The Town’s land
access towards the west is by Fuller Road through the Base. The
only water access to the Potomac River is along the shoreline
segment defining the subject site of the proposed project. The
proposed shoreline improvement, riverfront park and marina

development project is aimed to bring substantial improvement to

these limited access conditions.

I-9
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MARINE BARRACKS
QUANTICO, VIRGINIA
]t i\ 1919
ll

FIGURE 2 - Marine Barracks Plan Of 1919

(Reproduced from, "Quantico: Crossroads Of The
Marine Corps", History And Museums Division,
Headquarters, U.S. Marine Corps, Washington, D.C.)
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. kT(I;e town u_/ Quantico'as' seen from an aircraft over the Potomac River on 25 May 1925. The USS Henderson is
y!)r ed at the pier. The ship is named ajter Archibald Henderson, 5th Commandant of the Marine Corps. Visible in the
upper left of the photograph is the Post Headquarters. (USMC Photo 515892).

FIGURE 3 - Photograph Of Project Area, May 25, 1925

(Reproduced from, "Quantico: Crossroads Of The
Marine Corps", History And Museums Division,
Headquarters, U.S. Marine Corps, Washington. D.C.)



II.

ENVIRONMENTAL EVALUATIONS

A.

GENERAL

This phase of the study consisted of gathering and evaluating

primarily three types of data and information. These were:

. Published information including maps, plans, books, news-
paper articles, official documents, and similar other

documents.

. Narrated and written comments based on personal interviews,
telephone conversations, and meetings with knowledgeable
individuals and representatives of local, state, and federal
governments. These included Mr. Rusty Arcuni, the Harbor
Mastef of the Quantico Marine Base Dock/Marina, and Mr.
Mitchel P, Raftelis, the Chairman of the Town Council and

long-time resident of the Town of Quantico.

. Field investigations performed by D& . These included land
and bathymetric surveys; tidal and nontidal wetlands
delineation and preliminary assessment; preliminary inven-
tory of submerged aquatic vegetation (SAV); sediment
sampling and testing; and environmental field measurements
that included currents, salinity, total suspended solids, pH
and dissolved oxygen, performed at five representative

locations during a l4-hour full tidal cycle.

A complete list of the sources of published data and information
gathered is provided in Appendix 3. Summaries of interviews and
relevant telephone conversations are provided in Appendix 4.

Coordination with agency representatives is further described in

Section IV.

I1-1



Field investigations were conducted to compliment the available
data and information in order to perform the necessary environmen-
tal evaluations. Depth of water adjacent to a shoreline and the
rate and manner in which it fluctuates during a given time period
directly affect the erosion and deposition trends of any shore-
line. Attack of water on a shoreline may be in the form of waves
generated by winds and boats, currents, and the rapid rise and
fall of water-surface elevations from tidal forces and storm
events. Waves initiate the movement of sediment particles
otherwise at rest., Such sediment is then carried in a suspended
state in the water or along the bottom by currents until -favorable
conditions for deposition are encountered. Deeper waters promote
higher waves and stronger currents which have greater potential
for erosion and sediment transport. Accordingly, deeper waters
adjacent to a shoreline imply greater chances of shoreline erosion

and instability.

The following subsections describe the manner in which available
information and site specific field investigations were used to
establish site characteristics. These characteristics were then
used to assess shoreline stability (Subsection II.K.) and to also
identify adversé environmental impacts from the proposed project

(Section 1IV).

The following sections and subsections further describe the scope
and findings of the various office and field investigations for

collecting and evaluating site specific information.
SITE AND AREA GECLOGY

The site is located in the Coastal Plain Physiographic Province.
The Coastal Plan consists mainly of marine sediments which were
deposited during successive periods of fluctuating sea level and

moving shoreline. The formations dip slightly seaward. Many beds
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exist only as fragmental erosional remnants sandwiched between

more continuous strata above and below.

The soils in this province are typical of those laid down in a
shallow sloping sea bottom: sands, silts, and clays with ir-
regular deposits of shells. Some of the existing formations
contain predominately plastic clays interbedded with strata of
sands, while others contain predominately sands interbedded with

plastic clays.

Figure 4 depicts the area and site geology. This illustration was
obtained from the Geologic Map of the Quantico Quadrangle, Prince
William and Stafford Counties, Virginia, published by the U.S.
Geological Survey (USGS).

Based upon the published USGS mapping, the proposed basin area
contains alluvium from Little Creek and Terrace deposits of the
Potomac River. The alluvium, consisting of mud, sand, and gravel,
would most likely be found overlying the Terrace deposits, in
those areas where the alluvium exists. The Terrace deposits are
expected to include, from bottom to top, (1) medium to coarse
light gray to white sand, thickly bedded (up to 15 feet thick),
(2) fine to medium clay sand, thin bedded, interbedded with thin
silt and clay beds, (3) light gray or greenish gray sandy clay and
silt in units 5 to 10 feet thick, containing scattered pebbles (up
to 3" in mean diameter) and cobbles (greater than 3; in mean
diameter), and (4) fine to coarse massive orange brown sand, as

much as 6 feet thick.

The Potomac Group formation of Cretaceous geologic age underlies
the Terrace deposits. The depth to the Potomac formation is not
known at this time, although it is not expected to be within the

depth of concern for this project. The Potomac Group formation
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Holocene

Pleistocene and Holocene (?7)

EXPLANATION OF SYMBOLS ON FIGURE 4

SEDIMENTARY ROCKS

Qt,
Qt;
Qt,
Qt,
Terrace deposits bordering tidal

creeks and minor streams

Mostly sand and pebble to cobble
gravel. Qt; is correlative, with
Qn,-

Alluvium

Mud, sand, and gravel forming flood plains of minor strearns and gwamp
and marsh land bordering tidal tributaries of Potomac River

Qo2

Qp,

Terrace deposits of Potomac River

Qpy, sequence generally includes, from bottom
to top, at least three of the following sedi-
ment types: (1) medium to coarse, light-gray
to white sand, commonly oxidized bright
yellow or orange, thick bedded and coarsely
cross-stratified, in units as much as 151
thick; (2) fine to medium, gray sand, thin
bedded, interbedded with thin silt and clay
beds which locally contain abundart wood
Sragments; unit weathers yellowish brown
to pale red, thin beds of limonite common;
(3) masstve lighl-gray or greenish-gray
sandy clay and 8ilt in units 5 to 10 ft Lhick;
containg scattered pebbles, cobbles, and li-
monite-filled root tubes; weathers pale red
and forms vertical faces in naturel expo-
sures; and (4) fine to coarse, massive
orange-brown sand as much as 6 ft Lhick
which locally forma uppermost part of ter-
race.  Pebble to cobble gravel, including an-
stable roek types, exposed along baze of
wave-cut cliffs aboutl 1 mile north of Possum
Point. Base of wnit ivregular and extends
below sea level. Top of unit Jurms a fuirly
flat plain at an altitude of 35-40 ft; in
southeast corner of map area unit overlain,
locally, by dune sand 15-20 ft thick. Cor-
responds to Talbot terrace of Shattuck (1906)
and Chowan terrace of Wentworth (1930)

Qp,, Sand, generally highly oxidized; lentic-
ular units of lighl-gray sandy clay which
weather pale red; and lesser amounts ¢f
gravel. Basal 5 or 6 ft constists of sand,
cobbles, and boulders as much as 3t mari-
mum dimension; rock lypes include gneiss,
schist, amphibolite, red sandstone, and
quartzite. Top of terrace 18 at an allitude
of 85-90 ft; base of deposils ranges from
345-50ft in altstude, Corresponds to Wi-
comico terrace of Shattuck (1906) and Went-
worth (1930)

T
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consists of light gray to gray quartz saﬁd and highly plastic
clay.

TOPOGRAPHIC FEATURES

The overland portion of the project area consists of the river-
front park that slopes from River Road towards the shoreline.
Existing grade elevations along the eastern edge of River Road
vary from elevation 6.8 in the northern end to elevation 18.5 in
the south. The ground slope from west to east is gentle in the

northern segments, and becomes steeper in the south.

The existing seawall provides a barrier along the shoreline with
varying heights and effectiveness., Portions of the wall are in
relatively good condition providing protection up to elevation 4
feet along the middle segment of the shoreline. Other segments of
the wall are not in as good a shape, however. The beach that
occupies approximately 200 feet of the shoreline in the south
reduces the local height of the wall to less than 1 foot, with
evidence of subsidence behind and scour in front of the wall in
the extreme south section. Along the northern end of the shore-
line, the majority of the wall is totally deteriorated with major
subsidence, sink holes and otherwise wash-off of the backfill soil

from behind the wall causing exposure of the roots of three large

‘trees of 10" to 12" in diameter.

The underwater topography of the basin is represented by a
relatively uniform slope from the shoreline towards the channel of
the Potomac River. This gentle slope continues until the bottom
elevation reaches elevations -6.0 to -8.0 feet along a section
that is nearly normal to the alignment of the Marine Corps Base
dock. The water depth then increases abruptly and drastically
over a short distance; with bottom elevations dropping to eleva-

tions -25.0 to -40.0 within about 50 to 100 feet, down to the
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channel section of the Potomac River. This channel extends along
the River just outboard of the Marine Base dock, and it is evident
from the available historic maps and charts that it has maintained
its basic configuration and range of depths. Thus, the basin
consists of a gently sloping shelf landward of the threshold
section referred to above that runs along a projection drawn from
the end of the Marine Base dock towards the north, roughly

parallel to the shoreline.

General topographic features are shown in Figure 1. The existing
topographic features of the project area are best depicted on the
detailed topographic map at a scale of 1"=50' prepared for this
study (refer to Exhibit 1).

LAND AND BATHYMETRIC SURVEYS

Field surveys were conducted by a D&D field survey crew using the
appropriate field equipment and drafted originally to a scale of
1"=50’, This original stable-base field topographic map was
subsequently digitized using the AutoCad software for reproducing
at multiple scales and presenting the findings (refer to Exhibits
1 and 2).

Vertical and horizontal control data for the field surveys were
obtained from published monument and bench mark data. Bench mark
data were also confirmed by an official inquiry through the U.S.
Coast and Geodetic Survey (USC&GS) regarding reference datum
values and any revisions that must be applied to the published
data due to changes in the mean sea levels or recent observations.
Unless stated otherwise, all elevations referred to in this report
are referenced to National Geodetic Vertical Datum of 1929 (NGVD).
All relevant details on the bench marks and datum are provided on

both the original and digitized versions of the topographic maps.
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Copies of the USC&GS' response to our inquiry including tidal data

sheet are shown in Appendix 5.

ENVIRONMENTAL FIELD MEASUREMENTS

Environmental field measurements for currents and water quality
parameters were conducted during a l4-hour period, between 6:00
a.m. and 8:00 p.m., on June 22, 1989. This date and time slot
were selected based on the tidal and current evaluations performed
for the project site using the 1989 Tide Tables and Tidal Current
Tables published by the National Ocean Survey (NOS). It was
considered desirable to conduct the field measurements on a day
that would provide: (a) Large differences between tidal eleva-
tions and currents; and (b) daylight coverage of a full tidal

cycle.

Included in the environmental field measurements were the

following:

. Currents (direction and velocity)
. Salinity

. Total Suspended Solids (TSS)

. pH

. Dissolved Oxygen (DO)

Measurements were periodically taken at five (5) stations through-
out the project area for the entire l4-hour period. The ap-
proximate locations of these field measurements are shown in
Figure 5. The actual measured values obtained during this field
program have been tabulated and are presented in Appendix 6. The
results are summarized and discussed in the appropriate sections

that follow.
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TIDAL ELEVATIONS

Tidal data was obtained from tide tables and information obtained
from the USC&GS. Data for Quantico was generated using the data
on the times and heights of high and low waters given for
Washington, D.C. After appropriate conversion to daylight savings
times, the following table shows the time differences and height

factors which were applied to the Washington, D.C., data.

Table 1 - Time Differences and Height Factors
for Quantico Creek (Station No. 2309

Time Difference Height

(Hr) (Min) Factor
High Water -1 - 04 *0.51
Low Water -1 59 0.47

A transposition resulted in the following data at Quantico for
June 22, 1989:

Table 2 - Time and Height Predictions of Tides

Washington, D.C, Quantico
Time Height Time Height
Hr Min _(f£) Hr Min _(f£)
5 24 0.6 3 25 0.3
10 32 3.5 9 28 1.8
18 13 0.4 16 14 0.2
23 11 3.1 22 7 1.6
I1-10



The actual selection of the date (June 22, 1989) for performing
field measurements was based on an evaluation of tidal data
predictions at Quantico for a number of consecutive days. These
data predictions are tabulated in Appendix 7 for the period of
June 1, 1989 through June 30, 1989 for the tidal elevations, and
June 16, 1989 through June 30, 1989 for the tidal currents.

Figure 6 illustrates the variation of tidal elevations estimated
for Quantico as described previously. It is clear from the tidal
elevation differences indicated on this schematic representation
that the 14-hour period between 6:00 a.m. and 8:00 p.m. on June

22, 1989, was chosen appropriately to carry out a representative

series of environmental field measurements as planned.

Based on the information provided in the 1989 Tide Tables pub-
lished by the NOS, the elevations for mean low water (MLW) and
mean high water at the project site have been determined to be 0.0

foot and 1.4 feet, respectively.

CURRENTS

Published information was obtained from the NOS, which provides
guidance on normal tidal currents. The NOS predictions for the
Potomac River's maximum currents are 0.7 knot flood (upstream) and
0.9 knot ebb (downstream) at the location defined by the map coor-
dinates 38-31.3 N and 77-16.6 W. This location is approximately
2700 feet due east of the Marine Corps Base dock, and the dif-
ference between these maximum ebb and flood currents is consistent
with the average River discharge at this section, which approxi-
mates to slightly less than a 0.1 knot section-averaged current

velocity.
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The data on tidal current measurements reported by the U.S. Army
Corps of Engineers’ Waterways Experiment Station indicates a

maximum value of 0.8 knots for Quantico.

Similar to the tidal elevation evaluations, tidal current data for
Quantico were also estimated based on the 1989 Tidal Current
Tables predictions tabulated for "Baltimore Harbor Approach - Off
Sandy Point" gage station. To these data, the following time

differences and speed ratios were applied:

Table 3 - Time Differences and Speed Ratios for Quantico
(Station No. 5796)

Tidal Current Time Difference Speed
Condition Hr Min Ratio
Minimum before flood -0 54 1.0
Flood -1 04 0.9
Minimum before ebb -1 32 1.0
Ebb -1 09 1.1

A transposition resulted in the following data at Quantico for

June 22, 1989:

Table &4 - Time and Velocity Predictions for Currents

Sandy Point Quantico

Time Vel. Time Vel.
Tide Hr Min Knots Hr Min Knots
Ebb 1 45 0.5 0 36 0.6
Min 4 13 0.0 3 i9 0.0
Flood 8 00 1.0 6 56 0.9
Min 11 25 0.0 9 53 0.0
Ebb 14 49 1.0 13 40 1.1
Min 18 33 0.0 17 39 0.0
Flood 21 07 0.5 20 03 0.5

As a part of the field measurements conducted on June 22, 1989,
current measurements were taken by D&D at the five specified

locations previously described. The measurements were taken at

II-13



various depths and time intervals for a full tidal cycle. For this
purpose, a propeller-type current meter was used. Inspection of
the actual current measurement data indicate that all measured
current speeds, including those in deep waters just outboard from
the Marine Corps Base dock, remained less than 1.0 knot (1.7
ft/sec) and thus appear to agree well with the NOS data and the
D&D predictiomns.

Consequently, based on the preceding data and reported data on
other locations along the Potomac River, it appears appropriate to
assume that the currents will generally not exceed 1.0 krnot (1.7
ft/sec or 1.1 mph) in the vicinity of the project area, including
in thé deeper channel sectioﬁs. Comments that were offered during
an interview with Mr. Rusty Arcuni, the Harbor Master, indicate
that currents as high as 3 knots have been observed. Such
comments do not necessarily imply discrepancy, but may be at-
tributed to méintaining sail boat speeds against maximum tidal

currents and winds in the opposite direction.
WINDS

A summary of the published information by the National Weather
Service (NWS) for wind speeds recorded every 3 hours at Quantico
during the 1960-1978 period is presented in a tabular format in
Appendix 8. These data were recorded with an anemometer 4.0
meters (13.12 feet) above ground mast and need to be increased by
12.8% to conform to the 10-meter (32.81 ft) standard elevation in

accordance with the procedures outlined in the Shore Protection

Manual .
The data indicates that:

. the strongest winds were 10 m/sec (= 22.4 mph = 32.8 ft/sec)
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. the most significant fetch direction for wave generation is
towards NNE
. Extreme NNE winds at a given speed are about 1/20 as likely

as that speed from all directions

The smooth probability distribution of extreme wind speeds permits
extrapolation to this estimate: NNE winds at 35 mph have a likely

duration of about 1 hour once in every 20 years.

Also consulted for the effective wind velocity for the site was
the "fastest-mile wind speed" chart shown in Figure 7. It appears
that fastest-mile wind speeds as high as 70 mph can be expected in
the general area for a 25-year return period. For actual design
purposes, however, this value should be adjusted considering such
effects as the wind duration, shoaling (decrease in water depth)
of the waves approaching the project site and nonuniformity of the
water depth along the fetch. Such additional detailed analysis is

considered beyond the present scope.
WAVES

No records of wave measurements were available for the vicinity of
Quantico. Consequently, significant wave conditions needed for
preliminary design of shoreline stabilization measures and marina
structures were estimated based on a wave forecasting procedure
described in the U.S. Army Corps of Engineers’ publication "Shore
Protection Manual." This procedure employs empirical equations to
estimate the height and frequency of the wind-generated "shallow
water" waves based on three parameters. These parameters are the
unobstructed fetch length, the average water depth along the

fetch, and the effective wind velocity.

According to these equations, the significant wave height in-
creases as the fetch length, average depth and effective wind

speed increase. In many cases, the longest fetch may not be
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FIGURE 7 - Fastest-Mile Wind Speeds: 25-Year Return Period

(Reproduced From, "Low Cost Shore Protection... A Guide
For Engineers And Contractors", 1981)



coupled with the largest average depth or the fastest and most
frequent wind speed. Hence, several possible fetch-depth-wind
speed combinations were evaluated to determine the most severe

design wave conditions for the site.

The fetch and the water depth were determined using depth charts.
The prevailing fetch directions were determined to be in the
south-east and north-north-east directions with average depths

varying between 15 and 30 feet.

The sensitivity of the wave height to the fetch length, wind speed
and average water depth is illustrated in Figures 8 and 9, based
on the extended analysis of shallow-water wave forecasts presented
in Appendix 9. These calculations indicate the effects of the
applicable fetch lengths and the average depths are rather small,
remaining in the order of 0.5 foot for the maximum ranges of

variation for both parameters. On the other hand, for the range

~of 25 mph to 50 mph applied to the wind speed, the variation of

the wave height would be 1 to 1.5 feet.

As pointed out previously, the major exposure of the project area
is to waves generated by the NNE winds. Inspection of the depth
charts provides an effective fetch length of approximately 55,000
feet and an average depth of 20 feet for wave generation in NNE
direction. Extreme NNE winds appear most likely to occur in April.
Since local air temperature at this time of year nearly equals
Potomac River water temperature, the possible temperature dif-
ferences need not be considered. Use of the wave forecasting

procedures specified in Shore Protection Manual and specifically

Eq. (3-28b) and Fig. (3-30) results in the following estimates:

Wind Speed [mph] Wave Height Wave Period Minimum Wave
(Quantico Anemo.) [ft] [sec] Duration [hrs]
35 3.5 4.1 1.25
40 4.0 4.0 1.10
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Based on the above considerations, an appropriate significant
design wave condition appears to be a wave height of 4.5 feet, and
a wave period of 4.0 sec. It must be remarked, however, that
these values may warrant further adjustments for various actual
design purposes involving structures such as breakwaters, groins,
plers, bulkheads, revetments and other shoreline protection
structures. Additional factors that will need to be considered
during design phases are the flood elevations and acceptable

levels of risk for overtopping of structures.

RIVER WATER SURFACE ELEVATIONS

Data available on flood water surface elevations recorded at NOS
Station 8634689 at River Mile 68 near Quantico cover the period
from October 1970 to October 1972. This site is located between
NOS Station 8635150 at Colonial Beach and 8594900 at Washington,
D.C., which are longer-term gage stations. There are ten other
NOS Stations with short- and medium-term gage records along the
tidal portion of the Potomac River downstream of Washington, D.C.
Data for the various flood frequencies and extreme events recorded

at these gage stations are summarized in Appendix 10.

Analysis of all these data indicate that the flooding climate in
the uppermost reach of the tidal Potomac, north of River Mile 85,
is markedly.different from the entire lower reach. Only the
record at Station 8634214, Alexandria, River Mile 91, correlates
with the Washington, D.C., record. On the other hand, all records
on the Lower Potomac, between River Miles 7 and 82, show strong
correlations. In particular, the short-term record at Quantico
matches very well with the medium-term record at Colonial Beach

(River Mile 34).

The gage records for the Lower Potomac cover 1960 to 1988 with

slight intermittence, which corresponds to approximately the
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second half of the 1931-1988 Washington record, during which
period 4 of the 9 highest local floods occurred. These events
clearly lie on the extreme limb of the Washington flood curve, and
represent flooding due to both wind stress and riverine runoff
effects. The same flood events are nowhere near as extreme on the
Lower Potomac, and the record highs on the Lower Potomac area
conversely not truly extreme events at Washington. Notably, in
almost half these years, the record event for the three Lower

Potomac gages does not match the record event at Washington.

For Quantico, the gage record at Colonial Beach appears to provide
firm estimates of flood elevations for recurrence intervals of up
to about 10 years. However, most Lower Potomac gages show signs
of recorded extremes being unrepresentatively low, where the
highest water level is not much above other measured levels.

Thus, rare flood elevations, such as 20-year, 50-year levels, are
not at all well defined for the Lower Potomac from direct evi-

dence.

The most definitive information appears to be the results from a
numerical study of record elevations in Chesapeake Bay by the
Virginia Institute of Marine Science (VIMS). Although river-mouth
flood elevations developed by VIMS are evidently too low according
to the gage data, a curve shift provides apparently appropriate
extension from moderately rare elevations to the 500-year event.
This smooth curve for extreme water elevations suggests 5 feet to
be an appropriate design elevation at Quantico for a return period
of approximately 60 years. The 100-year flood elevation is

estimated to be between 8 and 10 feet.

It should be noted that the procedure for estimating flood
elevations presented above is not intended to replace or supersede
published flood elevations and floodplain information by the

Federal Emergency Management Agency (FEMA) as part of the National
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Flood Insurance Program. Changes to regulatory 100- and 500-
year flood elevations and floodplain would require more detailed
analysis throughout the entire reach of the Potomac River. The
design flood elevation of 5 feet is for a somewhat reasonable
level of protection for non-essential (i.e., not related to flood
control or flood protection) structures associated with water-

dependent uses.
SHORELINE EROSION AND BASIN FLOW CHARACTERISTICS

The coastal zone falling within the Town of Quantico corporate
limits has several unique shoreline erosion and coastal flow
characteristics. Most of these characteristics are attributable
to the Quantico Marine Corps Base dock, which has been in place
since 1904, if not earlier. Among the other significant factors
are the tidal and current flow regimes of the Potomac River, winds
and waves, the bottom geomorphology and movable sediments, and the
geometric alignment of the shoreline relative to the adjoining

Potomac River channel.

The Marine Corps Base dock extends approximately 600 feet into the
River. The water depth immediately outboard from the dock varies
between 25 and 35 feet. This deep channel extends approximately
parallel to the shoreline along a projection drawn from the end of
the dock. Landward of this channel segment, the bottom north of
the Marine Corps Base dock fairly abruptly rises to an elevation
of -6 to -8, and subsequently forms a gently shoaling "plateau" or
"shelf" towards the shoreline. Apparently, there are no "dunes"
or "sink holes" throughout the basin according to the recent
bathymetric survey performed by D&D, and the historic "hydro-
graphic charts" and USGS quads.

Contained in Appendix 11 (A through H) are reproductions from

several historical maps dating back to 1903 that were available.
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Several distances were "scaled" between various points of interest
on these maps in an effort to evaluate past migration tendencies
of the shoreline in the project area. The most reliable reference
is clearly the Marine Corps Base's dock. The dock was constructed
around 1904, with no significant changes to its configuration
according to the available records. Another possible reference
feature is the RF&P Railroad passing through the Town somewhat
parallel to the shoreline. It should be noted that the railroad
tracks are not depicted on the historic maps as clearly as the

Marine Corps Base dock.

Three shoreline positions were considered to best represent the
shoreline alignment within the basin area as depicted by points
Al, Bl, C1, A2, B2, and C2 on the historic map segments reproduced
in Appendix 11 (A through D). Point Al is the intersection of the
shoreline and the northern wall of the Marine Corps Base’s dock at
the western end. The distance from Al to the eastern end of the
dock (A2) measured along the northern edge of the dock was used

for reference purposes.

For the second and third shoreline locatione (Points Bl and Cl), a
reference axis was defined by a straight line from the eastern end
of the dock (A2) and perpendicular to the northern edge of the
dock. The second shoreline position (Cl) was selected as the
"Hospital" point in the northern edge of the basin, and the third
location (Bl) lies nearly half-way between the previous two
locations. The associated reference distances were then obtained
by the lengths of straight lines drawn parallel to the Marine

Corps Base’s dock between these points and the reference axis.

The variation of the distances between these reference positions
was inspected within the reasonable limits of accuracy depicted by
the historical maps, USGS Quads and D&D’'s recent bathymetric

survey. It appears that the basin area north of Marine Corps Base
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dock has not experienced substantial shoreline migration over the
last 80 years. However, there is evidence that local erosion has
occurred. The evidence includes significant deterioration of an
approximately 100-ft portion of the seawall in its northern end,
several sink holes created and large tree roots exposed behind the
seawall due to backfill material that washed off, and the riprap
stone and concrete blocks placed around the point. The photo-
graphs provided in Subsection I.A. clearly illustrate these

existing shoreline conditions.

Also featured along the shoreline is the narrow beach in ‘the
southern portion. The information exhibited by the available
documents, maps and charts does not allow for a reasonably
accurate historic assessment of this beach segment. The history
of the Quantico Marine Corps Base as told and illustrated in the
book "Quantico: Crossroads of the Marine Corps," documents with
photographs the shoreline protection function that the dock has
served. It also'refers to the efforts of "Quantico Company" to
develop the area for tourists, including fishing, picnic and other
recreation activities. (Refer to historical notes in Subsection

I.C.)

The Quantico Marine Corps Base Dock clearly provides a very
effective physical barrier for the shoreline and the adjacent
coastal area protecting the basin against storms, tides, currents,
winds and waves directed from the south and southeast. Conse-
quently, any adverse conditions that may be generated along the
Potomac River in the upstream direction do not have noticeable
effect on the project basin’s environment. This assessment is
confirmed by recorded data, field observations provided by the
Harbor Master regarding various historical storms, and D&D's
inspection of the "very calm" water surface conditions in the
basin providing "safe harbor" to the anchored boats during periods

with strong southerly winds.
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On the other hand, the basin is totally exposed to the winds
originating from north and northeast. The longest and deepest
effective fetch along the River for wind-generated waves approach-
ing Quantico is towards the North-North-East (NNE). Superposing
the River’'s natural downstream flow and the outgoing tide to these
waves will create the most severe conditions for the shoreline and
the basin area. This results in a flow pattern that can be
described as a counter-clock-wise swirl, entering the basin from
the north-north-east at a small angle to the shoreline and leaving
the basin along the northern edge of the Marine Corps Base Dock in
an easterly direction. This flow pattern in the basin for the ebb
cycle has been confirmed with the general orientation of the boats
anchored in the area, and by the trends of the~D&D current

measurements performed at four locations.

It appears likely that the existing shoreline between the Marine
Corps Base dock in the south and the Hospital Point in the north
may not entirely be the result of a natural process. Based on

information gathered during interviews, field observations, and
inspection of the existing nontidal wetlands west of River Road,
and the review of various historic maps and photographs, several

additional features were discovered, as described subsequently.

. A second wall exists behind the current visible seawall,
running nearly midway between the current shoreline and
River Road. This wall was apparently built several decades
ago for the purpose of protecting the residential buildings
and River Road from the Potomac River’s floods. It is now
entirely buried under the existing grade of the riverfront

park.
. As illustrated in Appendix 11lH, reproduced partially from

the 1966 Quad, Little Creek is a small stream flowing east,

which turns north along the west side of the RF&P tracks and
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joins the Quantico Creek northwest of the Naval Hospital
area. Evidently, this is the result of a man-made diversion
west of the tracks. In fact, this stream once emptied
directly into the Potomac River through its mouth within the
basin south of the Hospital Point. The 1940 map, reproduced
partially in Appendix 11A, exhibits the stream’s alignment
prior to its diversion, with its mouth clearly indicated to

be in the basin area.

. Based on the information presented in Subsection II.B (Site
‘and Area Geology) and by reviewing the topographic -condi-
tions illustrated on the Vicinity Map, portions of the
current riverfront park area were apparently filled and
reclaimed. These areas include the mouth of Little Creek
before it was diverted to the north and the park area behind

the existing seawall.

. The nontidal wetland area between the RF&P tracks and River
Road is still in place and covers substantially the same
area as it probably did before the diversion of the stream.
However, no wetlands exist between River Road and the
current shoreline in the area that was apparently filled and
reclaimed. In addition, the influence of the tide that
appears to have been present within the Little Creek channel

prior to the diversion is no longer present.

In view of the preceding discussions, the strip of land immedi-
ately behind the currently visible seawall appears to be entirely
comprised of fill material. This may be a major contributing
factor to the erosion tendencies along the current shoreline,
particularly where portions of the seawall are deteriorated. The
backfill material in these areas has subsided and washed off,
creating sink holes and exposing the roots of large trees. A high

erosion tendency is also apparent in the area with the riprap and
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concrete rubble around the point just north of the deteriorated
segment of the wall. It is suggested by the overland and under-
water contours that this area was once the mouth of the Little
Creek, where the fill material used is more susceptible to erosion
than the natural shoreline material.

The existing shoreline clearly needs stabilization which can be
achieved through various levels of protective measures. This
conclusion is based primarily on the overall evaluation of the
conditions and alignments of the existing shoreline, the visible
seawall with its washed-off backfill and otherwise deteriorated
segments, the presence of fill material behind the existing
seawall extending towards the north, and the full exposure of wind
and wave attack from the north-northeast. This conclusion is
further supported by the evaluations performed to determine
expected wave heights, storm surge elevations, and current

directions and velocities.

The type of protective measure for the stabilization of the
shoreline should be commensurate with the level of riverfront
facilities that will eventually be constructed. The basic levels

of protection that need to be considered are described below.

. If the current riverfront park is to remain without further
development, the objective should be to avoid frequent
shoreline maintenance and minimize shoreline erosion under
frequent storm conditions. This would involve the repair of
the existing seawall, placing riprap for toe protection
along the northern portion of the shoreline for approxi-
mately 200 feet, and minor grading including the removal of
trees with exposed roots in the fill area behind the
existing wall. Less frequent maintenance of a similar
nature would be required as damage is caused by less

frequent floods and high waves. Further structural and
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cost-related details commensurate with this type of protec-

tion are provided in Subsection 15.D of Appendix 15.

If the riverfront park is to be developed consisting of
added features which will increase property values on the
land portion but with no major facilities in the marina
basin, the seawall warrants more substantial improvements.
The top elevation of the seawall should be raised by 2 to 4
feet along its entire length to a top-of-wall elevation of
+5.0 or +6.0 ft. Depending on the actual layout of the land
facilities, this level of improvement would provide protec-
tion against shoreline erosion and flooding due to less
frequent attack of waves, floods, currents and tides
generated along the predominant fetch. Again, additional
details for this level of improvements are provided in

Subsection 15.D of Appendix 15.

If the riverfront park is to be developed as a commercial
marina facility with increased property values on land, more
substantial and reliable protection is justified and likely
required. It seems inevitable that a breakwater will be the
essential element of the required improvements in this case.
Various scenarios for this level of improvement is also
discussed in Appendix 15 along with the major structural and

cost-related details.

WATER QUALITY

The Potomac River at Quantico, Virginia, is part of an estuarine
system, influenced by the daily ebb and flow of the tides, as well
as the mixing that occurs between fresh water from upstream and
the more saline waters of the Chesapeake Bay. The salinity
gradient is variable, depending both on precipitation differences

associated with the time of year and water depth. At Quantico,
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the River can be classified as tidal fresh (salinity less than 0.5
parts per thousand [ppt]) or oligohaline (salinity between 0.5 and
5.0 ppt). During the wettest months of the year the tidal fresh
zone can extend nearly to Maryland Point, or approximately 10
miles downstream. According to average monthly salinity profiles,
salinities reach their highest levels in October, when surface
salinity reaches 1.0 ppt and bottom salinity is 2.0 ppt. Ex-
tremely wet or dry conditions can alter these monthly averages
significantly. Salinity levels recorded during the l-day field
program were less than 0.5 ppt, which would be expected for the
month of June and especially so considering the above normal

precipitation for the area in the spring of 1989.

During the field analyses undertaken on June 22, 1989, dissolved
oxygen (DO) concentrations were recorded at the five sampling
locations throughout the day. In general, concentrations in-
creased during the day, as would be expected with the increase in
photosynthesis and oxygen production throughout the daylight
hours. The lowest concentration, 5.9 milligram per liter (mg/L)
was recorded at stations 2 and 3 at 10:00 a.m. The highest
concentrations, ranging from 11.2 to 20.0 mg/L, were recorded at
stations 4 and 5 late in the afternoon. This represents super-
saturation, and is indicative of the higher densities of submerged
aquatic vegetation in those areas. 1In general, DO concentrations
are rated good to excellent based on values recognized by the
Maryland Department of Natural Resources (DNR) in the "Environmen-
tal Atlas of the Potomac Estuary” (198l). Water quality guide-
lines provided by the Maryland Department of the Environment
further indicate that DO levels above 5.0 mg/l are desirable. It
should also be noted that these DO concentrations exceed Virginia
Water Control Board (VWCB) standards for both minimum and daily

average values.
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Water samples were also obtained at all five locations and at
three different times during the day for later analysis in the
laboratory to determine pH and total suspended solids (TSS).
Samples were obtained at mid-depth in the shallower areas (sta-
tions 3, 4, and 5) and 7 to 8 feet from the surface at stations 1
and 2. The three times at which samples were collected repre-

sented ebb, flood, and slack tides,

The pH values ranged from a low of 6.7 to a high of 7.3. While
there was no significant difference between stations, average pH
values for the five stations at each sampling interval did show an
increase throughout the day. The lowest average value of pH was
found in the morning, while the highest average value was measured
late in the afternoon. This reflects the increase in photo-
synthesis through the day with an increasing uptake of carbon
dioxide and resultant lowering of carbonic acid. All pH values
are classified as good to excellent based on information from the
Maryland DNR and would be well within the limits specified by the
VWCB.

Total suspended solids for June 22, 1989 were very low, ranging
from a low value of 2 mg/L to a high of 28 mg/L. Only in two of
the 15 samples was the level 20 mg/L or greater, the cutoff
between good and excellent classifications, based on Maryland DNR
recommendations. In general, lower TSS levels result in less

turbidity, thus indicating better water quality.

PRELIMINARY WETLAND ASSESSMENT

D&D conducted a preliminary tidal and nontidal wetland assessment
focusing on the shoreline area (tidal) and the old Little Creek

ravine (nontidal) located near the northern corporate limits. The

purpose of this assessment was to identify the approximate

II-30



—-—

location and extent of wetlands for planning purposes and to

assess potential impacts.

Prior to conducting a field investigation, relevént wetland
information was examined. The National Wetland Inventory (NWI)
Map as prepared by the U.S. Fish and Wildlife Service classifies
the ravine along old Little Creek as a lower perennial, open water
riverine system (R20WH). The NWI maps depict the Potomac River as
oligihaline, subtidal, open water estuarine system (E1OWL6).
Oligihaline describes the range in salinity concentrations while
subtidal means that water levels are present at low tide. The NWI

map and information is reproduced on Figure 10.

A field investigation was performed on July 20, 1989, based on the
three-parameter approach as outlined in the Federal Manual for
Identifying and Delineating Jurisdictional Wetlands. Soils were
examined with a soil probe, and qualitatively identified with
regard to hydric properties by comparison with Munsell color
charts. Additionally, dominant plant species were inventoried and

hydrologic conditions noted.

The nontidal area along old Little Creek can be described as a
ravine with 40- to 50-foot-high banks. The banks appear to be
partially composed of fill material. Two smaller ravines with
associated swales drain from the south. Both have well-defined
banks and appear to handle runoff during storm events. The first
swale, located along wetland sample points 1 and 2, contains a
small flow and a partially exposed concrete storm sewer pipe. The
second swale at wetland sample point 4 begins at a concrete storm

sewer pipe opening; however, there was no flow present,
The majority of the tidal shoreline area within the project can be

described as nonvegetated wetlands as defined by the Commonwealth

of Virginia. The area between mean low water and mean high water
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primarily consists of a sand and/or cobble beach with no apparent

wetland vegetation species present.

Approximate tidal and nontidal wetland boundaries as determined
during the field investigation and the locations of wetland sample
points are shown on Figure 11. Copies of data forms are furnished

in Appendix 12.
SUBMERGED AQUATIC VEGETATION

During the field work for the water quality analyses undertaken in
June 1989, some colonization of hydrilla (Hydrilla verticillata)
and wild celery (Vallisneria americana) was observed in the
protected area north of the Marine Corps Base dock. A site visit
on August 21, 1989, revealed that extensive growth of submerged
aquatic vegetation (SAV) had occurred over the course of the
summer. The Harbormaster at the Marine Corps Base dock indicated
that this was the first summer that SAV had been established to
any extent and that hydrilla was causing small craft operation
problems within the Marine Corps Base’s marina basin, where depths

are at least 6 feet at low water.

Representatives of D& and the NVPDC conducted a survey on
September 1, 1989 to visually estimate the types, extent, and
dispersion of the SAV throughout the project area. The site was
thoroughly traversed by boat to identify the species present and
their relative abundance. With regard to the total area, Eurasion
watermilfoil, (Myriophyllum spicatum); wild celery; and hydrilla
were the most common species observed. Patches of coontail
(Ceratophyllum demersum) and water stargrass (Heteranthera dubia)
were more scattered, Only a few patches of curly pondweed
(Botamogeton crispus) were identified and the greater duckweed
(Spirodela polyrhiza) was confined to the most protected areas
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along the Marine Corps Base dock. Table 5 lists the species

encountered and summarizes their ecologic importance.

Table 5 - Submerged Aquatic Vegetation

Common Name Scientific Name Ecologic Importance

Eurasian Watermilfoil Myriophyllum spicatum Provides cover and spawning habitat for
fish and invertebrates. Foliage consumed
by some waterfowl. May crowd out other
useful species. Introduced.

Wild Celery Vallisneria americana A preferred food of many waterfowl,
notably mallards, canvasbacks, and
goldeneyes, also consumed by mammals.
Provides spawning substrate and habitat
for fish and invertebrates.

Hydrilla Hydrilla verticillata Forms large mats, impeding recreational
uses and potentially crowding out cother
species in an afflicted area. Introduced
to Potomac River (Dyke Marsh) in 1980 by

accident.

Coontail Ceratophyllum demersum Provides good habitat for fish, and small
invertebrates consumed by fish and
waterfowl. Foliage is consumed by

waterfowl and other wildlife.

Water Stargrass Heteranthera dubia Cover for many fish species and habitat
for invertebrates consumed by fish and
wildfowl, including black ducks, canvas-
backs, and scaup.

Curly Pondweed Potamogeton crispus Provides spawning substrate for fish and
' cover for fish and invertebrates.
Introduced.
Greater Duckweed Spirodela polyrhiza Consumed by some waterfowl.

The above descriptions were taken from the following sources:

Reid, George K., Ph.D.; Pond Life, A Guide to Common Plants

and Animals of North American Ponds and Lakes; Golden Press,

New York; 1987.
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Schloesser, Donald W.; A Field Guide to Valuable Underwater
Aquatic Plants of the Great Lakes; Contribution 644, Great

Lakes Fishery Laboratory, Ann Arbor, Michigan; 1986.

Interstate Commission on the Potomac River Basin; Potomac
Basin Reporter; Volume 39, No. 9, November 1983; Volume 40,
No. 3, March 1984,

Figure 12 divides the study area into approximate regions as
determined appropriate during the SAV survey. Generally, regions
were delineated based on the differences in species encountered

and the approximate extent of vegetative cover.

Region 1: The corner where the existing stone seawall and the
Marine Corps Base dock meet is 90-100% covered with floating plant
material and debris which has blown in, and with rooted aquatic

plants, hydrilla and Eurasian watermilfoil in particular.

Region 2: The approximate boundary extends to 75 to 100 feet from
shore. Thé region is 60-80% covered, very predominantly with wild

celery.

Region 3: An area of 80-90% vegetative coverage extends the
length of the pier and curves around along the edge of the shallow
water area. The average depth increases towards the end of the
pier. Flora is mixed; it includes large stands of wild celery,
coontail, watermilfoil, and some hydrilla, water stargrass and
duckweed. The hydrilla becomes more prevalent in the deeper water

towards the end of the Marine Corps Base dock.

Region 4: An intermediate zone containing populations of the same
floral components as were identified in Region 3 but in lesser
numbers, and the few noted specimens of curly pondweed. Total

vegetative coverage in the region is approximately 75%. Watermil
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foil (dominant), hydrilla, and coontail appear in large mixed
stands, all together comprising two-thirds of the total vegeta-
tion. Water stargrass contributes approximately 10% of the
vegetative cover, and homogeneous clumps of wild celery comprise

account for approximately 20% of the cover.

Region 5: The major portion of the site is predominantly open.
Total vegetative coverage in the central region is approximately
10-20%; most of this is composed of well-dispersed patches of wild
celery. A few stands of water stargrass and watermilfoil also
appear. Hydrilla is more evident along the far edge of this area

as water depths increase beyond 4 to 5 feet.

In summary, a fairly diverse community of SAV has been established
in the protected area formed by the Marine Corps Base dock. The
value of this area as fish and wildlife habitat was evident during
our site visit. Numerous schools of forage fish were noted, as
well as several larger individuals (believed to be the large-mouth
bass) likely attracted by the abundance of prey. Great Blue
Herons and Green Herons were also noted, while Canada Geese and
Mute Swans have been reported by the Harbor Master to frequent the
area. As mentioned earlier, this degree of colonization appears
to be a very recent phenomenon. Based on the manner in which SAV
has reappeared in the Potomac River in recent years it is expected
that the more competitive species (especially hydrilla and
watermilfoil) will constitute a larger percentage of the vegeta-
tive cover in the future. The implication of the type and extent
of SAV present is that dredging activities may displace and/or
adversely impact existing habitat for fish and wildlife. Impacts

to SAVs may also reduce water quality in the project area.
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Submerged Aquatic Vegetation (SAVs) In The
Existing Basin (Lookin Southwest)

Submerged Aquatic Vegetation (SAVs) In The Existng Basin
In The Vicinity Of The Marine Corps Base Dock



SEDIMENTS

On June 21, 1989, D&D gathered sediment samples at the same five
locations that environmental measurements were taken (see Figure 5
for locations). The purpose of the sampling was to provide
preliminary information regarding sediment composition within
possible dredging areas and to perform limited laboratory analysis
on a composite sample from the entire project area. The method of
obtaining the samples varied dependent on the depth of water. At
sampling points 1 and 2, water depths were recorded at approxi-
mately thirty (30) feet. At these points, a Penske sediment/
bottom sampler was used for collecting a small surface sample. At
point 3, a 6-foot-long, l-inch-diameter steel pipe was driven into
the sediments to a depth of approximately 2 feet using a sledge
hammer. The depth of water prevented further penetration. At
sampling points 4 and 5, a shovel auger was used since the water
depth was less than 3 feet. The penetration depth approached 18
inches. All samples were placed in plastic bags and sent to the
environmental laboratory for preparing a composite sample using

equal parts from each sample location.

The results of the laboratory analysis are shown in Table 6.

Table 6 - Heavy Metal Concentrations
in Composite Sediment Sample

Parameter Tested Results (mg/kg)
Arsenic < 0.5
Barium <50.
Cadmium < 2.
Chromium < 8,

Lead 10.
Mercury < 0.5
Selenium < 0.1
Silver < 4.0

All results except lead fell below the detection levels for the

test methods used. These levels are within the expected range and
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do not indicate a problem with regard to disposal of dredged
material regarding toxic substances. The laboratory data sheet is

included in Appendix 13,

A visual inspection of each sample was also performed. The
sampling depth and the visual classification for each sample are

shown in Table 7.

Table 7 - Sediment Data

Sample No. Sampling Depth Description
s-1 Surface Brown clayey sand with shells & gravel
S-2 Surface Shells
S-3 0-18 inches Brown clayey sand with shells
S-4 0-18 inches Tan-gray fine to medium sand with silt
S$-5A 0-6 inches Sandy gravel
S-5B 6-12 inches Sandy gravel

Sieve analyses to determine soil classification were conducted on
samples S$-3, S-5A, and S-5B since they correspond to the possible
dredging area. The gradation results are shown in Appendix 14.
Based on the material properties observed, dredging difficulties
are not anticipated within the basin. It should be noted that
available geologic maps indicate a potential for cobbly material
which could complicate dredging activities, dependent on the type
of dredging proposed. Further evaluations on the proposed

dredging activities are presented in Appendix 15.
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ITI.

PROPOSED PROJECT AND ALTERNATIVES

A.

GENERAL

The proposed project as discussed in the remaining sections of
this report is generally based on a conceptual plan developed for
the Town in 1986 identifying a "Town Marina" with floating piers
and a breakwater designed to provide safe harbor for a reasonable
number of boats. An additional advantage of the "Town Marina"
concept is that it serves the dual function of protecting and
stabilizing the majority of the Town'’'s newly acquired shoreline.
Using the available conceptual plan as a guide, additional
engineering analyses were performed by D&D to further investigate
the degree to which the dual objectives are satisfied and to be

able to better assess the associated environmental impacts.

Based on the evaluations described in Section II and generally
considering cost-effective design and construction practices, each
component of the proposed project has been further developed. The
structures presented in this section represent suggested engineer-
ing schemes that enable the assessment of environmental impacts

and the comparison of alternatives.

Alternatives involving refinements and, in some cases, substantial
modifications have also been developed for further consideration.
The primary intent of identifying alternatives is to assess on a
preliminary basis the environmental impacts of scaled-down
versions of the project. This cursory alternatives analysis is
warranted in view of the unavoidable impacts to submerged aquatic

vegetation resulting from the proposed project.
For additional information including assumptions that were made in

the development of the proposed project and the alternatives as

presented in the following sections, refer to Appendix 15 -
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Additional Engineering Considerations and Analysis. The following
subsections summarize the overall features of the proposed project

and alternatives.
OVERALL FEATURES OF THE PROPOSED PROJECT

The features of the proposed project as further developed by D&D
consist of the following:

. Breakwater Structure

. Floating Piers and Slips
. Shoreline Improvements

. Upland Park Area

The water portion of the proposed project is conceptualized in
plan view as essentially a "mirror image" of the breakwater
associated with the existing Marine Corps Base dock and marina.
The proposed breakwater will protect the basin from northerly and
northeasterly storms, while the existing Marine Corps Base dock
will provide the protection from the southerly storms as it has

effectively done so to date.

As depicted by the typical cross section shown in Figure 13, the
outer side of the breakwater will be protected from erosion at the
toe (channelward portion of the structure) by means of quarry-
stone riprap. The vertical wall cn the marina side will accom-
modate a number of slips by means of a floating dock and finger
plers (catwalks) which may or may not be attached directly to the
breakwater itself. Additional details on the proposed breakwater

are presented in Appendix 15, Section 15.C.
Also part of the proposed project are two main floating piers,

with maximum anticipated lengths of nearly 410 and 530 feet.

Various slip configurations along these floating piers and along
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the inner side of the breakwater may be designed to accommodate
differing numbers of boats by varying the types and sizes. The
proposed marina configuration is shown on Exhibit 3 and provides
approximately 130 to 140 slips for boats ranging from 25 to 60

feet in length. Additional details on the marina facilities are

also presented in Appendix 15, Section 15.C.

Inherent in the proposed project are repairs to the existing
seawall, where practical, and a replacement structure using a
full-section quarry-stone revetment where necessary. The repairs
will likely include a wedge-shaped stone reinforcement at the toe
of the existing seawall. The proposed improvements along the
shoreline assume that the breakwater and the piers associated with
the marina will be constructed. Hence, the primary function of
the seawall under the proposed project concept will be shifted
from directly protecting the shoreline from storms to forming a
water frontage that is safe for public use, stable, and aesthet-
ically conforming with the proposed upland park area and the
proposed marina. Typical sections of both shoreline stabilization
structures are shown on Figure 14. Additional details of the
proposed seawall improvements are presented in Appendix 15,
Section 15.D.

The upland park portion of the proposed project will involve
incorporation of a parking area adequate for the proposed marina
purposes, concession facilities and other amenities. The entire
park area is currently in good condition. Preliminary determina-
tions indicate that the space on the west side of River Road is
capable of providing the majority, if not all, of the parking
spaces required for the proposed project (park and marina) and
should not involve envirommental or otherwise major problems.
Parking in this area will likely require local site plan approvals
and public participation regarding traffic patterns and the use of

public streets for parallel parking. More detailed evaluations
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regarding parking-related improvements are presented in Appendix
15, Section 15.A.

ALTERNATIVES

Four (4) alternatives have been considered to the proposed project

presented in the preceding subsection.

Alternative 1 - Approximately 60- to 70-slip marina with break-
water and floating piers. Dredging has been avoided in shallow

water areas (less than 2 feet below mean low water).
Alternative 2 - Approximately 15- to 20-slip marina without
breakwater. Uses a tee section at the end of a single dock and

involves minimum dredging.

Alternative 3 - No marina or breakwater with a repaired seawall

providing minimum shoreline protection.

Alternative 4 - No marina or breakwater with a new seawall

providing substantial shoreline protection.

Each alternative is further discussed in Appendix 15, Section
15.G.
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Iv.

ENVIRONMENTAL IMPACTS OF PROPOSED PROJECT AND ALTERNATIVES

The environmental impacts and inherent mitigation measures associated

with the proposed project and the various alternatives are discussed in

the following subsections. Each element that may be involved in the

realization of a selected project is presented separately. These

elements are:

Seawall improvements for shoreline protection and stabilization
Breakwater structure
Pier structures i

Marina basin
SEAWALL IMPROVEMENTS

Regardless of whether a breakwater is constructed, the proposed
shoreline stabilization activities within the project limits are
not expected to create any long-term adverse impact on the
environment including adjacent shoreline areas. The environmental
conditions created by stone riprap as proposed along the shoreline
will, in essence, create a shallow water habitat that otherwise
would not exist. The absence of vegetated wetlands along the
shoreline and the relatively inactive position of the shoreline
within the project limits relative to the adjacent shoreline in
the north and south further justify the type and extent of

improvements proposed.

Being itself very effectively sheltered by the Marine Corps Base
dock, proposed shoreline stabilization measures within the project
area are not expected to cause any adverse impact to the shoreline
in the north due to southerly winds and currents. With regard to
northerly winds and currents, the adjacent shoreline in the north
is not likely to be adversely impacted by way of reflected waves

or otherwise. Considering the general shoreline alignment in the
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project area including the existing and proposed structures, long-
shore flow patterns should not impose adverse impacts owing to the
proposed riprap seawall improvements. It is also evident that the
presence of the Marine Corps Base dock completely eliminates any
risk of adverse impact from the proposed stabilization activities

along the shoreline south of the Marine Corps Base dock.

Except for short-term impacts during construction which will be
confined to the existing shallow water habitat immediately
adjacent the shoreline, the proposed shoreline stabilization
activities are expected to be a positive environmental influence
in the area. Stone riprap is environmentally superior to the
other structural measures that are used today to stabilize a
shoreline because of the desirable aquatic environment it will

create with its sloping face and numerous openings.

Vertical seawalls or bulkheads, on the other hand, whether
constructed with masonry, concrete, timber or steel, will promote
standing waves and local scour, thus causing greater impacts to
the shallow water environment. In order to diminish adverse
conditions from existing vertical wall structures, a stone riprap
toe protection is commonly proposed where practical. It should
also be pointed out that protective coatings such as C.GC.A.
(chromated copper arsenate) and Coal-Tar-Creosote used to help
preserve timber and steel bulkhead material in marine environments
are undesirable by most agencies because of impacts to shallow

water habitat and overall water quality.

Use of stone riprap along the shoreline is not expected to alter
the external conditions promoting debris accumulation in the
southwest corner of the basin. The Marine Corps Base dock is the
primary reason for the manner in which debris collects. A
conceivable effect of the stone protection along the shoreline may

be to slow down any long-shore motion of such debris towards the
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south which may result in spreading the debris accumulation
somewhat more evenly along the shoreline. Periodic maintenance
will continue to be required. 1In any event, debris accumulation

should not be considered as an impact to the natural environment.

Major variations should not be expected in any of the environmen-
tal aspects discussed herein with respect to the size and extent
of the stone riprap proposed for this project, due primarily to
the fact that the resultant changes in the alignment of the
shoreline will be virtually negligible. The proposed use of stone
riprap for the proposed project and the alternatives is the
environmentally superior method for shoreline stabilization in the

project area.
BREAKWATER STRUCTURE

The breakwater structure recommended for the proposed project and
Alternative 1 has the potential to impact three regions. These
regionslare: (1) within the proposed marina basin; (2) outside of
the basin; and, (3) on the Potomac River itself. These impacts
will be generated by the proposed configuration of the breakwater,
the construction material and the construction methods. The_
short-term impacts resulting from the construction activities are
considered to be temporary and minor while the long-term expected
impacts are discussed below. Since Alternatives 2, 3, and 4 do
not warrant the use of a breakwater structure, no impacts are

discussed under this subsection.

Impacts Within the Proposed Basin

The obvious purpose of the proposed breakwater is that it will
protect the marina basin and its entire shoreline from the tides,

waves, and currents originating from the north-northeast. Since

the Marine Corps Base dock already blocks the southerly storms,
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the addition of the proposed.breakwater north of the existing dock
will create a safe harbor basin for the marina under the proposed

project and Alternative 1.

In addition to displacing a minimal amount of shallow water area
and the associated SAV, some impact caused by the proposed
breakwater on the submerged aquatic vegetation within the basin
area may be expected due to the retardation of the ebb cycle and
river flows currently entering the basin to create the counter-
clockwise circulation. Hence, any interaction that may exist
between this type of circulation and the existing SAV will be
altered. The effect of these new circulation patterns by them-
selves is not expected to significantly impact the existing SAV.
On the other hand, it is also conceivable that the presence of the
breakwater by itself may create more favorable conditions for the
SAV within the basin by virtue of the calmer waters provided even

during the ebb flows down the River.

It is anticipated that the impact of the proposed breakwater on
the conditions of debris accumulation will be quite favorable.

The breakwater will virtually eliminate the periodic import of
debris migrating along the shore by the northerly currents.
Additionally, any debris brought along by the southerly currents
will likely continue to be deflected by the Marine Corps Base dock
past the inlet section of the breakwater towards the north based
on the proposed alignment of the offshore segment of the break-

water.

An adverse effect may also be expected because of the augmentation
of the normal import pattern of water and sediments into the basin
along the shoreline from the north. However, such adverse impacts
should be minimized due to the width of the inlet section recom-
mended for the basin. A reasonable circulation within the basin

will be maintained with the proposed breakwater structure.
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Thus, the proposed breakwater by itself is not expected to result
in any significant adverse impacts within the basin and the as-
sociated shoreline. On the contrary, owing primarily to the
protection it provides from the northerly storms, the proposed
breakwater will improve shoreline stability within the basin, by
way of creating considerably calmer waters while allowing for

effective basin flushing by tidal action.
Impacts Qutside the Proposed Basin

The proposed breakwater structure using quarry-stone riprap
protection at the toe on the outboard side of the wall along the
entire length of the breakwater minimizes adverse impacts to the
shallow water areas. The alignment of the shore-attached segment
of the proposed breakwater was chosen to be approximately perpen-
dicular to the north-northeast direction and the adjacent shore-
line, while the remaining offshore segment follows along the end
of the basin "shelf" before the deep chamnel is reached. It is
anticipated that the riprap protection and this configuration of

the proposed breakwater will provide the following functions:

. adequately dissipate the energy from waves;

. reflect waves and currents nearly parallel to the shoreline
north of the breakwater, thereby minimizing shoreline
erosion due to these reflections;

. direct waves and currents along the outboard segment of the
breakwater following the deep channel past the end section
of the Marine Corps Base dock and down the river, thereby
not creating additional circumstances for local erosion; and

. avoid creating adverse conditions, environmental or other-
wise, to the shoreline south of the existing Marine Corps

Base dock and marina.
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There is the likelihood that some of the debris presently observed
to periodically accumulate in the southwest corner of the Town's
basin will be cut off and directed by the breakwater towards the
shore offsite just north of the breakwater or accumulated along
the riprap outer wall of the breakwater itself. However, because
of the surface roughness, retardation of currents along the wall
and overall wave energy dissipation provided by the same stone
riprap along the outer wall, any debris brought in contact with
the breakwater would likely tend to accumulate locally rather than

be moved along the breakwater.
Impacts on the Potomac River

Normally calm waters in the basin area defined by the proposed
breakwater structure and other adjacent shallow regions provide
sufficient evidence that only a very small quantity of the Potomac
River ordinarily flows through the shallow near-shore areas.

These conditions.will not likely be affected by the presence of
the proposed breakwater. The entire breakwater will be placed on
the shallow "shelf" section of the River, sufficiently away from
the deep "channel" section which conveys the major bulk of the
River’s flow. Thus, the breakwater with the proposed alignment is
not likely to cause any adverse effects on low flow, flood flow,

or navigation within the Potomac River.
PIER STRUCTURES

The floating piers associated with the marina for the proposed
project and Alternative 1 will be supported by a minimum number of
piles to limit the lateral motion of the deck sections created by
mooring forces and hydrodynamic forces from waves and currents in
the basin. These piles will be relatively small in size with the
depth of penetration not excessive, and hence will not involve any

major disturbance during construction.
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With minor wakes due to boating and otherwise calm conditions
existing throughout the proposed marina basin, the piles of these
piers will not effect>or increase local sedimentation activities.
Using environmentally inert plastics or otherwise appropriate
coating material for protection of the timber piles in the ﬁarine
environment, and employing appropriate driving techniques, the
subsequent interaction of these piles with the surrounding
enviromment will be insignificant. Piers in general, and floating
piers in particular, are generally not considered to have sig-

nificant potential for environmental degradation.

The floating pier system would likely inhibit the growth of SAV
within the marina basin because of shading. Areas that would only
be partially shaded would likely support SAV, but not necessarily
the type of SAV that presently exists. However, it should be
noted that under the displacement of existing SAV from dredging
activities would render the significance of impacts from the
floating pier system inconsequential.. Such impacts are discussed

in the following subsection.
MARINA BASIN

Impacts to the existing environment within the proposed marina

basin are divided into three categories:

. Dredging Activities
. Submerged Aquatic Vegetation Displacement
. Water Quality Degradation

Dredging Activities
The two phases defining dredging activities are the actual

dredging and the disposal operations. Both of these phases will

affect the environmental, technical, and economic feasibility of
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the project. Practically speaking, there are two methods of
dredging available for the type of project proposed. These are:

(a) mechanical dredging, and (b) hydraulic dredging.

In mechanical dredging, the excavation process is performed by
equipment such as bulldozers, draglines, and clamshells. The
excavated material is then loaded onto barges or trucks and hauled
away to a designated disposal site. Hydraulic dredging, on the
other hand, is performed by a cutter operating on the bottom and a
dredge pump which hydraulically transports the dredged material
through a pipe to the shoreline and beyond. Hydraulic dredging
tends to be the more feasible method when an environmentally
acceptable site for dredge disposal is available near the dredge
site. The possible presence of cobbles in layers in the basin may
complicate hydraulic dredging. Nevertheless, dredging can be
performed using either method in a manner that would be acceptable

to envirommental agencies.

The options for upland disposal of the dredged material are either
onsite within the park area or offsite preferably within the
Marine Corps Base. The proposed project will involve approxi-
mately 30,000 cubic yards of dredged material. Unless the entire
upland park area can be substantially regraded and used to dry
dredged material, onsite disposal is not practical. The low-lying
area along the northern project limits has been identified as
nontidal wetlands and disposal in this area would be highly
objectionable by all agency representatives. Offsite disposal
appears to be more practical. Preliminary discussions among
representatives of the Marine Corps Base indicate a possibility
that an acceptable disposal site may be available. Additional
discussions will be required in order to coordinate construction
schedules and available sites. At this time, it seems premature
to make any definite plans or to expect unconditional commitments.

The primary requirement of any upland disposal site is that it is
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not located in a wetland or bottomland area and that the dredged

material be prevented from reentry to any stream.

The feasibility of disposal within the Potomac River was not
pursued to any significant extent with the agencies since it is
generally not preferred. Nevertheless, this option could be
further considered in the event an upland disposal site cannot be
identified or is not available when needed. -This type of disposal
could be used to create replacement shallow water habitat.

Whether or not SAV could be provided would require site specific
studies. Additional discussions with the appropriate agencies

during the next phase of the project should be considered. It may

be possible to identify a spoil area within the Potomac River that

may be suitable for a number of similar projects in the area as

well as for maintenance dredging requirements in the future.

Alternative 1, which will require approximately 5,000 cubic yards
of dredging, would still be difficult to achieve onsite without
substantial regrading of the park area. Offsite disposal again
appears to be more practical, if a site is available. Dredge
disposal for Alternative 2 which involves minimal dredging can

likely be integrated into the site work for the park.
Submerged Aquatic Vegetation

The submerged aquatic vegetation (SAV) present in the proposed
marina basin that will be displaced during dredging activities is

the significant environmental issue facing the proposed project.

SAVs in the dredged parts of the basin will be permanently removed
in order to provide safe boating within the marina basin. The
navigated portions of the marina basin will probably also require
periodie maintenance dredging in the future. Any such impacts can

be minimized or entirely prevented with strict application of the
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appropriate disturbance control measures during both the initial
and the subsequent maintenance dredging operations. The proposed

project will directly impact approximately 5.0 acres of SAVs,

Alternative 1 is an attempt to reduce impacts to SAVs, especially
those in shallow wa?er areas, while providing a reasonable area
with sufficient depths for safe navigation. The dredging opera-
tions are concentrated within the relatively deeper portions of
the basin (depth greater than 2 feet) and the marina area is
confined to the northernmost portion of the basin. Approximately

2.5 acres of SAVs are displaced by this alternative. .

Alternative 2, which proposes spanning the SAVs with a pier system
and constructing a tee section for approximately 15 to 20 slips,
minimizes impacts to SAVs to the maximum extent practical. Minor
localized impacts because of shading and pier construction are
considered unavoidable. However, safe harbor is not afforded
since construction of the breakwater is considered to be cost-

prohibitive given the reduced number of slips.

Mitigation sites to recreate SAVs do not appear practical or
feasible. The Town of Quantico does not have water frontage on
any other portion of the Potomac River. It appears that Alterna-
tive 1 avoids impacts to SAVs to the extent practical considering
costs and the need to provide improved waterfront access to the
Town. Additional information supporting the alternatives analysis

are provided in Appendix 15.

Water Quality Degradation

The natural cleansing process of a basin by tidal action is widely
referred to as "tidal flushing" and is an environmental require-

ment that must be satisfied by proposed marinas. The relevant

evaluations for the marina basin were made according to the

IV-10



S ANy B WS e me an N

it

procedures described in the publication entitled "Coastal Marinas

Assessment Handbook," published by the U.S. EPA.

Based on the calculations presented in Appendix 15, Section 15.F,
the proposed marina will satisfy the general tidal flushing
requirements. To further support this conclusion, the following

general remarks are also offered.

The local cross section of the Potomac River is nearly 7,300 feet,
with a channel approximately 35 feet deep adjacent to the basin
along the western shore. The average depth for a large portion of
the remainder of this cross section is nearly 20 feet. The water
depth in the existing basin, on the other hand, gradually in-
creases from zero to nearly 8 feet at about 600 feet from the

shoreline.

Therefore, the basin forms a relatively shallow shelf gently
tapered towards the River. The overall good to excellent water

quality observed within the basin indicates the presence of an

effective tidal flushing action for the existing conditions.

Based on any scenario of dredging proposed, the proposed marina
basin will continue to allow for free tidal movement into and out
of the basin. A positive slope in the offshore direction and the
generously wide inlet section will ensure that water quality
within the marina basin remains within the good range. The
proposed project and Alternatives 1 and 2 have these characteris-

tics.
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v. SUMMARY OF REGULATIONS AND PERMIT REQUIREMENTS

A.

GENERAL

Regulations to protect the natural enviromment including water
quality exist at all levels of govermment. In view of the
heightened awareness and concerns associated with the Chesapeake
Bay, the States of Virginia and Maryland have also more recently
promulgated regulations consistent with the Chesapeake Bay

Preservation Agreement signed by the Governors of Virginia,

~Maryland, Pennsylvania, and the Mayor of Washington, D.C., in

December 1987. The key environmental regulations including the
administering agencies are presented in this section. The
specific areas of jurisdiction and the permit application proce-

dures envisioned for the proposed project are also summarized.
FEDERAL LAWS AND REGULATIONS

The Clean Water Act (CWA) of 1972 including amendments mandates
that it is unlawful to add any pollutant to thé waters of the
United States, including navigable waters and wetlands, without a
permit. Section 404 of the CWA requires permits for the discharge
of dredged or fill materials. Section 401 requires that any
applicant for a federal permit obtain a certification from the
state that any discharge will comply with the state’s water

quality and effluent standards.

Section 10 of the Rivers and Harbors Act of 1899 prohibits the
unauthorized obstruction or alteration of any navigable water of

the United States.

Section 307 of the Coastal Zone Management Act of 1972 as amended
requires that any non-federal applicant for a federal permit

within a state’s coastal zone furnish a certification that the
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proposed activity will comply with the state’s coastal zone
management program. Generally, no federal permit will be issued

until the state has concurred with the applicant’s certification.

The lead federal agency involved in the issuance of permits for
the proposed project is the U.S. Army Corps of Engineers (USACOE).
The permit requirements under Regulatory Programs of the Corps of
Engineers (33 CFR Parts 320 through 330), are outlined in detail
for Section 404 of the CWA and Section 10 of Rivers and Harbors
Act of 1899. D&D has been advised that the authority for ad-
ministering the regulatory program relative to the proposed
project has been delegated to the district engineer in the Norfolk
District. Representatives froﬁ both the Baltimore District and
the Norfolk District have confirmed that an agreement between the
Districts exists that specifies that the Norfolk District issues
permits for projects associated with Virginia lands. The USACOE's
decision to issue a permit will be based on an evaluation of the
probable impacts, including cumulative impacts, of the proposed

activity and its intended use on the public interest.

In evaluating the proposed project’s impacts the USACOE will
likely consult with the Regional Director of the U.S. Fish and
Wildlife Service (USF&WS), the Regional Director of the National
Marid; Fisheries Service of the National Oceanic and Atmospheric
Administration, the Regional Administration of the Environmental
Protection Agency (EPA), and the heads of the appropriate state
agencies. Under the CWA, EPA can veto a Section 404 permit issued
by the USACOE. This veto authority has been seldom used but tends
to influence the USACOE's administration of the 404 process and an
applicant’s willingness to incorporate agency comments to further

avoid and/or mitigate impacts to wetlands and water quality.
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STATE LAWS AND REGULATIONS

The proposed project is rather unique in terms of state agency
jurisdiction in that the Virginia-Maryland state line is coinci-
dent with the Virginia shoreline. The Potomac River itself is
within the State of Maryland from the West Virginia boundary to
its mouth at the Chesapeake Bay. Therefore, portions of the
proposed project below mean iow water are within Charles County,
Maryland, where areas landward of mean low water are within Prince
William County, Virginia. Hence, a combination of Maryland and
Virginia state laws are applicable. For the purpose of further
discussing the likely areas that each state will claim jurisdic-
tion, the key laws and regulations in each state are identified
below without regard to jurisdiction. Jurisdictiénal areas as
determined through discussion with federal, state, and local

officials are summarized at the end of this section.

In Virginia, regulations exist that require permits for construc-
tion activities that affect the following: subaqueocus lands;
vegetated and nonvegetated tidal wetlands as defined by the
Virginia Code of Regulations; water quality in accordance with
Section 401 of the CWA; andbthe water quality of the Chesapeake
Bay in particular, in accordance with the recently adopted
Chesapeake Bay Preservation Area Designation and Management
Regulations. Additionally, Virginia has regulations regarding
siting criteria and adequate provisions for sewerage facilities at

marinas.

The Virginia Marine Resources Commission (VMRC) is responsible for
issuing subaqueous bed permits which will include a comprehensive
siting review process for a proposed marina. VMRC also provides
technical assistance to the local wetlands board regarding impacts
to tidal wetlands as defined by Virginia law. The Virginia

Institute of Marine Sciences (VIMS) advises Virginia's regulatory
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bodies on marine environmental matters. The Virginia Water
Control Board (VWCB) administers the Section 401 water quality
certification program and the Virginia Council on the Environment
is responsible for administering the Coastal Zone Management
Program. The Bureau of Wastewater Engineering is designated by
the State Board of Health in Virginia to issue a certificate
attesting to the adequacy of the sewerage facilities to serve
marinas and to notify VMRC of issuance or denial of individual

applications.

The State of Maryland has similar regulations that require permits
for constrﬁction activities that affect any wetlands (tidal and/or
nontidal), Maryland waters and subaqueous lands, water quality in
accordance with Section 401 of the CWA, and water quality of the
Chesapeake Bay in accordance with the Critical Areas Legislation
and Criteria. Maryland also has siting criteria and sewerage

regulations related to marinas.

The Maryland Department of Natural Resources (DNR) is responsible
for issuing a wetlands license which would involve a review of all
activities and impacts associated with shoreline stabilization and
marina construction. The Maryland Department of the Environment
(DOE) administers the Section 401 water quality certification
program in accordance with the CWA. DNR and DOE both advise local
governments regarding natural resources and water quality impacts

from proposed projects in Maryland waters.
LOCAL LAWS AND REGULATIONS

Prince William County has a wetland ordinance that requires a
permit for any project impacting vegetated and/or nonvegetated
wetlands. Floodplain ordinances in accordance with the National
Flood Insurance Program have also been adopted by the Town of

Quantico. Over the next year, the Town is required to designate

V-4



S NI W N S Em N .

.

Chesapeake Bay Preservation Areas and to adopt the necessary
ordinances and criteria in accordance with the Chesapeake Bay .
Preservation Area Designation and Management Regulations. The key

elements that will affect the Town of Quantico involve the

following:

. Designating Resource Protection Areas (RPAs)

. Designating Resource Management Areas (RMAs)

. Identifying and Designating Intensely Developed Areas (IDAs)

where exemptions to the general criteria are permissible.

Additionally, a full management program within the next 24 months
including revisions to comprehensive plans, policies relative'to
appropriate densities for docks and piers, waterfront access
(public and private) and affect on water quality, and potential
water quality improvements through the evéntual redevelopment of

IDAs are to be established.

Critical Areas in Maryland are the counterpart of the Chesapeake
Bay Preservation Areas in Virginia. Charles County is responsible
for administering the critical areas regulations, and has desig-
nated critical areas and adopted the necessary ordinances in

accordance with Maryland regulations.
SUMMARY .

Discussions with representatives of federal, state, and local
agencies were conducted by key staff from D& throughout the
preparation of this report. Copies of telephone and written
correspondence are included in Appendix 4. Site inspections were
held to further solicit comments relative to the proposed project
on August 21 and 22, 1989. Table 8 lists the agencies and

individuals that have been contacted.



Table B - List of Review Agencies

Contact Personi{s)  Attended Site
Nase, Phone No. Inspaction Requlatory Authority Reference(s)

Name and Address of Agency

Ms. Julie Steete No
Mr. Bruce Williams No

U.5. Aray Corps of Engineers J3CFR Parts 320 through 330

Norfolk District

803 Front Street
Norfolk, VA 23510

U.S. Army Corps of Engineers
Norfolk District

Northern Virgina Field Dffice
Plaza South, Suite 102

138 Grahaa Park Road
Dumphries, VA 22026

U.5. Aray Corps of Engineers
Baltimore District

P.0. Box 1713, NABOP-R
Baltisore, MD 21203-1713

U.S. Fish & Wildlife Service
Whitemarsh, VA

U.S. National Marine Fisheries Service

Oxford, D

Virginia Marine Resources Commission

Habitat Managesent Division

2600 Washington Ave,, P.0. Box 756

Newport News, VA 23407

Virginia State Water Control Board

P.0. Box 11143
Richmond, VA 23230-1143

Virginia Institute of Marine Sciences

Gloucester Point, VA 23062

Virginia Council on the Environsent

{804) 441-7652

Nr. Jases Brogdon Yes
{804} 441-7632

Mr. Larry Eastaan No
Ms. Cheryl Ssith
{301) 942-3478

Mr. Bary Frazer No
{B04) £93-56694

Nr, Robert Rubleman No
(301) 226-5771

Nr. Charles Roadley Yes
(804) 247-2200

Mr. Les Baldersan No
{B04) 347-8319
(804) 3b67-0062

Ms. Julie Bradshaw Yes
(B04) 442-7395

Hr. Charles Ellis No
(804) 786-4500

J3CFR Parts 320 through 330

J3CFR Parts 320 through 330

fidvisory Capacity to US Aray
Corps of Engineers

Advisory Capacity to US Aray
Corps of Engineers

Section 62.1-3 of the
Code of Virginia
VR 450-01-0047

33CFR Parts 320 through 330

Advisory Capacity to
VMRC and VKCB

Coastal lone Managesent Progras
Concurrence under J3CFR
Parts 320 through 330
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Table 8 - List of Review Agencies {Cont'd)

Name and Address of Agency

Contact Person{s)

Attended Site

Regulatory Authority Reference

Virginia Departsent of Health

VA Dept. of Conservation & Recreation
Division of Soil & Water Conservation
Shoreline Erosion Advisory Service
P.0. Box 1024

Gloucester Point, VA 23062

VA Dept. of Conservation & Recreation
Division of Soil & Water Conservation
P.0. Box 1423

Tappahannock, VA 22540 -

Maryland Dept. of Natural Resources
Tidal Wetlands Division

Tawes State Office Building D-4¢
fnnapalis, MD 21401

Maryland Dept. of the Environsent
Standards and Certifications Division
2500 Broening Highway

Baltimore, MD 21224

Maryland Critical Areas Comaission
275 West Street, Suite 320
Annapolis, MD 21401

Prince William County
Planning Office

1 County Complex Court
Prince William, VA 22192-9201

Naae, Phone No. Inspection
¥r. Al Golding No
{804) 786-1781

Br. Lee Hill Yes
{804) 442-T12

Nr. Ned Burger Yes

(804) 443-4752

Mr. Doldon Moore, Jr. Yes
{301} 974-3871

Mr. Sean Saith No
(301) 631-3409

Mr. Ren Surry No
{301) 974-2426

¥r. Maurice Foushee Yes
(703) 335-5830

Section 32.1-246 of the
Code of Virginia, Title 32.1,
Chapter 6, Article 10

Advisory Capacity to Virginia
figencies

fdvisory Capacity to Various
Virginia Agencies

Annotated Code of Maryland
Natural Resources Articles
8-203, and 801 through 814,

JICFR Parts 320 through 330

Annotated Code of Maryland
Natural Resources fArticle
Section 8-1814. v

Prince Willias County Code
and Ordinances



Based on the information gathered and assuming existing regula-
tions and administrative procedures remain unchanged, permits from
the USACOE, the Commonwealth of Virginia (Bureau of Wastewater
Engineering), the State of Maryland (DNR and DOE), and Prince
William County will be required prior to construction of the
proposed project. Numerous other federal and state government
agencies will also be involved in an advisory capacity. Table 9
summarizes the specific comments and outlines the likely permit

processing procedures.

Officials from Maryland have advised, in writing, that DNR will
conduct the same type of review and enact the same policies and
procedures for marinas and shoreline stabilization projects
regardless of the location along the Potomac River. It is
anticipated that DOE will have the same position regarding the
issuance of a Section 401 water quality certificate. Virginia .
officials have advised verbally that VMRC’s jurisdiction will
likely be confined to assisting the local wetlands board in Prince
William County. Additionally, the VWCB has verbally indicated
they may offer comments or be requested to concur with any
decision by Maryland DOE, However, Maryland is responsible for

issuing all 401 certificates on the Potomac River in this area.

Maryland and Charles County officials have advised that the
critical areas legislation has been interpreted to not apply to
projects along the Virginia shoreline. However, the Chesapeake
Bay Area Designation and Management Regulations to be adopted by
Prince William County in cooperation with the Town of Quantico

will eventually apply to the proposed project.

Following selection of the proposed project including appropriate
refinements based on agency comments and directives from the Town,
the necessary permit applications will need to be prepared. A

Joint Permit Application as furnished by the VMRC will satisfy the
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Table 9 - List of Perait Processes and Agency Resarks

Nase of Agency

Beneral Perait Process Procedures

Susmary of Remarks

U.S. Aray Corps of Engineers
Norfolk District

U.5. Aray Corps of Engineers
Norfolk District
Northern Virgina Field Office

U.S. Aray Corps of Engineers
Baltisore District

U.S. Fish & Wildlife Service

Whiteaarsh, VA

U.S. National Marine Fisheries
Service, Oxford, MD

Virginia Marine Resources Coamission

Virginia Institute of Marine Science

VA Dept. of Conservation & Recreation
Division of Soil & Water Conservation

Shoreline Erosion Advisory Service

Review the project under the Joint
Persit Application, issue public
notice if necessary, coordinate
other federal agency review and
coaments, issue Section 404 permit

Review the project under the Joint
Perait Application, issue public
notice if necessary, coordinate
other federal agency review and
cosments, issue Section 404 persit

Hill not be involved

Review and provide comments
to USACOE

Review and provide comments
to USACOE

Will receive and process the Joint
Permit Application for all Virginia
approvals and peraits. Will serve in

a coordinating and advisory capacity,

Not a regulatory agency

Not a regulatory agency

According to Ms. Steele, only military
projects are under Baltimore District’'s
jurisdiction; all other projects are
the Norfalk District’s responsibility

SAV beds are prisary concern regarding
proposed dredging for the marina. Stone
shoreline stabilization, floating piers
and concrete breakwater with riprap toe
area generally acceptable to USACOE

According to Mr. Eastman, Norfolk District
is responsible for projects "originating”
above MLW in Virginia, including dredging
activities with disposal in Virginia

SAV beds are the sain concern; would help

to detersine history, coverage and species
cosposition. Hydrilla is not a nuissance

for US FINS. Less concern regarding marina,
is probably flushed well, There would be
restrictions on time of dredging. No probles
with anadrosous and comsercial shell fish,

Similar concern as Nd/DNR and USACOE.
Shoreline area is generally classified
as nonvegetated wetlands.

VINS will advise on wetlands and other
environsental aspects of the project.
VINS concurs with the Md/DNR's concerns
regarding SAV beds and VMRC's assessaent
that shoreline is primarily nonvegetated.

Recosaends *riprap® structure to replace
existing deteriorated concrete wall and
offered technical details; suggested that
the undercut trees should be resoved,
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Table 9 - List of Permit Processes and Agency Remarks (Cont'd)

Nase of Agency

Beneral Persit Process Procedures

Suamary of Resarks

Baryland Dept. of Natural Resources
Tidal Wetlands Division

Baryland Dept. of the Environsent
Standards and Certifications Div.

Maryland Critical Areas Comsmission

Prince William County

Issue “Wetlands License® for all
activities outboard of MLW line;
review dredging/disposal, filling,
sarina puspout, tidal flushing,
tidal wetlands and 5AV impacts and
Coastal lone Managesent Consistency,
Average processing time b months.

Issue "Water Quality Certification®
for activities outboard of MLW line
review dredging/disposal, filling,
marina puspout, tidal flushing,
other water quality impacts.

Not applicable to proposed project.

Local Wetland Board will issue
perait in conjunction with the
Joint Perait Application

SAVs in the basin 3 sajor concern;
mitigation discouraged; dredging in
shallow areas highly objectionable;
breakwater riprap and shoreline stone
inprovesents would present no problea
SAV bed delineation would be helpful;
econoaics is only one of the criteria.

A new law introduced regarding puapout
facilities, to be adainistered by DNR's
Boating Regulation group.

Accarding to Ren Surry, neither Maryland
Chesapeake Bay Critical Areas Coamission
nor Charles County will be involved in
this project. Maryland's interests would
be covered by Md/DoE and DNR.

Requires public hearing.
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general requirements of the USACOE, the Commonwealth of Virginia,
and the Prince William County Wetlands Board. A separate applica-
tion for a certificate of approval of sanitary or sewerage
facilities must be made on a form supplied by the local health
department in Virginia. A wetlands license from Maryland DNR and
a 401 water quality certificate from Maryland DOE also require

separate applications.

V-11
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Coastal Resources Management Grant and Relevant Documents
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COASTAL RESOQURCES MANAGEMENT GRANT CONTRACT

This agreement is made this. day of , 1988,
by and between the Council on the Environment (hereinafter
referred to as the "Council")

and the Town of Quantico

(hereinafter referred to as the "Grantee").

The parties to this agreement, in consideration of the
mutual covenants and stipulations set out herein, agree as
follows:® )

1. Project: The Grantee shall carry out the project as set
forth in Attachment A. All aspects of this project shall be
consistent with the Chesapeake Bay Agreement of 1987, and with

the Commonwealth's Coastal Resources Management Program. The

project, in accordance with the Chesapeake Bay Preservation Act,

. shall incorporate general water quality protection measures into

any comprehensive plans, zoning ordinances and subdivision
ordinances resulting therefrom.
2. Time of Performance: . The project shall commence

on _January 1, 1383 and shall terminate on SePt. 30, 1989

the period'of‘pérfcrmance being _ 9  months.

3. ?aymentéz The Council shall pay the Grantee quarterly

‘on a reimbursement basis, not to exceed §_ 14,000 _ for the
Téroject. The said sum, together with the matching funds provided
as set forth in Attachmént A, shall include the cost of all

‘personnel, all 6ve:hea&, and all other expenses of the project.

Payment shall be made upon submission of invoices and

progress reports and their acceptance by the Council. Such
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invoices shall be submitted within ten (10) days following the
end of eéch‘calendar quarter and shall bé detailed in aécordance
with Attachment A to show what tésks have been completed and to
compare the time of completion with the proposed time of
completion. Progress reports shall be sﬁbmitted on forms
provided by the Council within ten (10) days following the end of
each calendar quarter.

4. Terms and Conditions: Grantee shall comply with the
Standard Terms and Conditions of the U. S. Department of Commerce
set forth in Attachment B.

5. Liability: The Grantee shall take out and maintain,
during the life of this agreement, such bodily injury liability
and property damage liability insufance as will protect it from
claims of damages for personal injury, including death,_as well
as from claims for property damage, which may arise from its
activities under this ag:eemeht. If the Grantee has a self-
insurance_progr;m, it may self-insure the risks associated with
this Agreement in lieu of the commercial insurance required
herein.

6. During the performance of this contract, the Grantee
agrees as follows:

| a. The Grantee will not discriminate against any employee
or applicant for. employment because of race, religion, color, sex
or national origin, except where religion, sex or national origin
is a bona fide occupational qualification reasonably necessary to
the normal operation of the Grantee. The Grantee agrees to post

in conspicuous places, available to employees and applicants for



employment, notices setting forth the provisions of this
nondiscrimination clause.

b. The Grantee, in all solicitations or advertisements for

’employees placed by or on its behalf, will state that such

Grantee is an equal opportunity employer: |

c. Notices, advertisements and solicitations placed in
accordance with federal law, rule or regqulation shall be deemed
sufficient for the purpose of meeting the requirements of this
section. )

The Grantee will include the provisions of the foregoing
paragraphs a, b and c in every subcontract or purchase order of
over $10,000, so that-the provisions will be binding upon each
subcontractor or vendor. '

7. Use of Grant Fundsi Grant funds shall only be used for
the purposes and activities covered in Attachment A. |

8. Fiscal Control: The Grantee shall establish fiscal
control and fund accounting procedures which assure proper
disbursement of, and accounting for, grant funds and any required
non-federal expenditures.

9. Prior Written Approval of Changes: The Grantee must

~ obtain prior written approval from the Council for changes to the

pioject. including, but not limited to, changes of substance in
program activities, designs, or plans set forth in the approved
application and changes in the approved project budget.

10. Termination for Cause: The Council reserves the right
to terminate the grant in whole, or in part, at any time before

the date of completion, upon written notice to the Grantee that
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it has failed to comply with the conditions of the grant. 1In

connection with such termination, payments made to the Grantee or

recoveries by the Council shall be in accord with the legal

rights and liabilities of the parﬁies.

11. Termination for Convenience: The Council may terminate
the grant if its funding is terminated. The Council or the
Grantee may terminate the grant in whole, or in part, if both
parties agree that the continuation of the grant program will not
produce beneficial results commensurate with further expehditure
of funds. Tﬁe Council and the Grantee shall agree upon the
termination conditions, including the effective date and, in the
case of partial terminations, the portion to be terminated. The
Grantee shall not incur new obligations for the terminated
portion after the effective date, and shall cancel as mény
outstanding obligations as possible. The Council shall‘allow
full credit to the Grantee fof the federal share of the
noncancel;able ébligations properly incurred by the Grantee prior
to termination.

12. Maintenance of Records and Audit: The Grantee shall
maintain all required records and provide the Council an audit

performed in accordance with OMB Circular A-128, Audits of State

: aﬁd Local Governments. That audit will be reviewed by the

Council for compliance with federal laws and regulations.
Grantee will ensure that appropriate corrective action is taken
within six months after receipt of the audit report in instances

of noncompliance with federal laws and regulations.
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13. There are no third party beneficiaries to this

contract.
 COUNCIL ON TEE ENVIRONMENT
Date: By . )
Administrator
Grantee
Date: By
Title:

- 6:3/307Fconl
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v Attachment £
Cover Sheet .

1988 Grant Application Foxin
Virginia Coastal Resources Management Program o )

Lega.l Applicant (Name, Organization. and Address) o

'rown of Quantico
- 507 C Street
Quantico, VA 22134

Project Title

Environmental Investigation of Shoreline Stabilization

Area of Project Impact

'I;_own of Quantico

Project Starting Date and Ending Dates
 November 1, 1988 to September 30, 1989

Project Duration (in months)

. 11 Months

Proposed Funding

ER Federal (CZM) 0
b. State $14,000
() Local - § 6,000
4 Other : 0
{8 Total $20,000

TS

Brief D.ela'lption of Applicant’s Project . - .

A thorough investigation of all environmental factors as they relate

to the implemeantation of measures necessary to stabilize shoreline
areas will be performed.

Products

The results of the environmental invegtigation will be a report
summarizing the various components described within this proposal, and
the identification of strategies necessary to stabilize shoreline areas.

Individual Authorized to Make Application

a. Typed Name and Title b. Slgnatu.n and Date Slgned -
Howard Bolognese ' a2 z;ﬁ véouw
Mayor of Quantico November 13, 1988

Project contact is Mitchel P. Raftelis, Town Councilman



Environmental Investigation of Shoreline and Proposed Marina - -
COASTAL RESOURCES MANAGEMENT NEED " .
n ) I I ..;

In 1985 the Town of Quantico received 4.21 acres of prime Potomac
riverfront property from the Federal Government. The remainder of the Town is
bounded by the Quantico Marine Base. The riverfront property was given to the
Town with the understanding that it was to be obtained as a public ares for
recreational use. The site, which provides the Town’s only direct access to
the river, currently has no appropriate public access to the river-and is-
bounded by a deteriorating sea wall. Because the river turns at this locatien,
debris from the upper river is often washed in along the shore, where it is

trapped, effectively preventing use of this section of che river for
recreational activities.

The Town of Quantico proposes developing the land area as a public park and
constructing a marina which extends some distance into the river. A conceptual-
plan for the integrated development of a marina and a public park, with a
riverwalk providing pedestrian access to the riverfront from the Town’'s main
street, has been prepared. The key elements of this plan are the construction
of a b:eakwa:er and piers and the restoration of the deteriorating seawall.
However, before the marina and other amenities are designed and constructed,
existing shoreline erosion must be properly managed and these areas
stabilized. Also, appropriate environmental research must be completed to
“ensure that the proposed piers, breakwater, and seawall are compatible with the
existing adjacent uses and to ensure that the improvements to the riverfront

preserve the shoreline, maintain optimal water circulation, and enhance public .
access to the river.

lopact

The waterfront arsa encompassed in this proposal represents the only access
the Town of Quantico has to the river and also the only area readily available
for tax base expansion. Proper planning for the seawall, the breakwater, and
the plers will allow the Town to go forward with a limited economic expansion,
through the development of the marina and auxiliary marine services, while
maintaining the ecological integrity of this portion of the Potomac River.
Careful environmencal research should provide the information necessary to
develop and implement shoreline stabilization measures, and design a breakwater
and plers which will prevent the continual accumulation of debris in the cove:
of the river. When completed the total riverfront project will result in
greatly improved river access for both the boating and non-boating public, a
reduction in the amount of dabris at the shoreline, protection and/or

. enhancenant of water quality, a stabilized shoreline, a more diversified tax

base for the Town of Quantico, and improved recreational opportunities for both
the residents of the Town of Quantico and the military personnel and their
families stationed at the Quantico Marine Base.

Inmediacy

-
e

Quantico is & town of approximately 600 pecple and is surrounded, on all
sides except the riverfront, by the Quantico Marine Base. Its economic base is
derived solely from real estate tax collections. The Town wishes to fulfill
the terms of the gift of land it has received from the Federal Government by
planning a public use facility along the riverfront. However, because of its
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' size and its small tax base, the Town has no planning staff and does not, have
* the resources available to conduct the environmental research necessary to plan

an environmentally sound waterfront project. Additionally, failure to davelop

the waterfront may well result in a decrease of the environmental quality of

the area as the seawall area continues to detericrate, shoreline erosion

becomes more prevalent, and debris continues to accumulate along the shoreline.
.

The State Comprehensive Outdoor Recreation Plan has identified a
significant need for boater access to the Potomac below the Occoquan River.
This project will result in the creation of a lll-slip marina as well as a boat
launch ramp, significantly increasing boater access to the Potomac. The park's
path system will run along the seawall and will be designed to include river

outlook areas, providing waterfront access for those who wish to enjoy :he
ziver, but who do not own boats.

A well designed marina, along with the development of support services such
as a marine store and a restaurant, will offer the Town an opportunity to
expand its economic tax base by drawing visitors and boaters to the
aesthetically pleasing waterfront area, vhile providing increased recreational
opportunities to the Town’s residents. A well conducted environmental
investigation will ensure that the marina will function properly over the years
and continue to attract visitors to the Town.

Relationship of P 1

The proposed activities are intended to enable the Town of Quantico to plan
an ecologically sound waterfront park and marina and to restore a deteriorating
seavall within the Town. The Town of Quantico has beeri given the waterfront'
property, which provides its only access to the Potomac River, by the Federal
Government on the condition the land be developed for public recreational use.
It {s the Town's wish to plan and develop a top quality marina and riverfrent
recreational area. However, the Town lacks the capacity to undertake an
in-depth study ‘of the environmental issues involved with the design of the
marina and the seawall. Adequate funding of the environmental research is a
necessary prerequisite to any further development of the site,

PROPOSAL TO ADDRESS COASTAL RESOURCES MANAGEMENT OPPORTUNITY
Qbjective

The objective of this proposal is to secure funds to perform an in-depth

. study of the environmental issues involved with the protection of shoreline

areas, and the dasign of a marina and seavall for the Town of Quantico. If the
grant is avarded, the Town’s Marina Committee will meet to develop a request
for proposals to be sent to coastal and marine engineering firms and other.
appropriate agencies. After a group is selected, it will begin producing
results as described below, Uhen the job is completed, the Town will be
prepared to esmbark on the next stage of development of the-marina which is to
obtain from an engineering firm final approved construction plans,
specifications, cost estimates and all applicable permits.



A preliminary planning study for the integrated park and marina on the -
riverfront parcel of land was prepared for the Town of Quantico in the summer
of 1886. Two professors, Dr. James Hall and Dr. Ernest Morant, from Hampton
University performed the study using funds that were provided from the
Department of Housing and Urban Development. The products of the study include
a two-page narrative, a cost estimate and a conceptual layout of the park and
marina. A copy. of these results is attached to this proposal. The results of

this study will be used as & point of departure for the in-depth environmencal
investigation associated with this proposal.

Descripcion

The purpose of the project is to thoroughly investigate the waterfront area
in terms of environmental factors so that the Town of Quantico can ensure that
shoreline areas are preserved and adequate information is developed so that
proposed development programs can proceed without impacting shoreline areas.
Also this program will help determine the effects on water quality due to poor
circulation; and effects of wind and waves on shoreline areas. .

Specifically, the Town will engage an environmental consultant to provide
the services described below., The Town Treasurer and the Town Clerk for the
Town of Quantico will manage the project and be the contacts with the
environmental consultant. Below are described the tasks to be performed by the

consultant.
o A list of permits that the Town will be required to apply . for will be
ptovidcd .
° A bathymetric survey of the proposed marina area from the existing

Marine Corps dock to the upstream property line will be performed
such that a contour map of the area is produced.y

o Shoreline changes vill be investigated by reviewing old photog:aphs
and maps of the area to predict the amount of erosion and
sedimentation and to allow a design of the breakwaters plers and
seawalls that take this into account,

° Sediments will be sampled and analyzed to determine any environmental
sensitivities and to specify methods of dredgingr

° An investigation of the amount of dredging to be done during
construction of the marina will be performed. Factors to be
considered in the investigation include the type of boats that are
expected to use the marina and their associated drafts; the rate of
sedimentation; and the life of the project. Possible locations of
vhere the dredged material can be placed will be determined.

° Various tidal and flooding elevations will be investigated to
establish needed shoreline protection measures, and the final
elevations of piers and seawall.

b
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° A study of the wind and wave climates will be performed to determine
the required strength of -the breakwater and seawall, and needed
shoreline stabilization measures. W

A thorough study of the envirenmental and physical factors involved in
shoreline stabilization needs will be uﬁilized by the Towvn of Quantice so that
riverfront development programs do not adversely impact shoreline area. Also,
this effort is consistent with the design of a water front park area, and is
consistent with the Town'’s wishes of developing the riverfront area in a manner
such that the Town citizens and tourists can safely enjoy the recreational
benefits that their Town has to offer. The terms of the proposal are also
consistent with the stipulations that the Federal Government required when the
land was given as a gift. This proposal is clearly consistent with the goals’
of the Coastal Resources Management Program that state its purpose is "to
assist local governments . . . to address issues such as protection and
enhancement of water quality and living aquatic resources, the protecticn and
management of shoreline areas, and the accommodation of growth and development

in an environmentally sound manner.” 1"

gosts
Personnel Costs - Salaries and fringe benefits
Total - Funding Local Gov‘t
Request Match
Town of Quantico Treasurer (9%) $ 2,400 $ ($ 2,400) in-k:
Contracted Services §17,400 $164.000 ($.3.400) cash
. Subtotal $19,800 . $14,000 (§ 5,800)
Direct Costs - Postage, Supplies
and Reproduction -1} e (8__ 200
$20,000 $14,000 ($ 6,000)

Duration

The project will commence on November 1, 1988 and be completed by
September 30, 1989 allowing eleven months to perform the desired tasks.

Zrodyct

The Town of Quantico expects to receive a report illustrating environmental
constraints and shoreline stabilizazion needs. This report will include the

: most effective angle of the outer jetty to protect the shoreline area and

design requirements of the seawall to prevent shoreline erosion. This report
vill be further utilized by the Town of Quantico to revise the layout of the
marina and modify previous design requirements of the breakwater, piers and
seawall vhich take into account the findings of this environmental
investigation of the riverfront area.

.S.



. LAW OFFICES
TURNER, BRICE & HORTON
EXECUTIVE ENTERPRISES BUILDING
236 SOUTH FRALEY BOULEVARD
DUMFRIES, VIRGINIA 22026

JAMES S. G. TURNER May 3, 1985 (703) 221-113%
JANICE J. BRICE ; METRO 385-8460

ROSS G. HORTON

Mr. James Coleman, Regional Director
National Parks Service, Mid Atlantic Region
United States Department of the Interior
143 South Third Street

Philadelphia, Pennsylvania 19106

Re: (Portion) Parcel No. 8
Marine Corps Development Command
Quantico, Prince William County, Vzrglnla
GSA Control No. 4-N-VA-493-M

Dear Mr. Coleman:

On behalf of the Town of Quantico, Virginia, I am pleased to
transmit an original and four copies of an application by the Town
to acquire the above-referenced property located within the Town
for development for park and recreation purposes. The area in
question includes six parcels containing a total of 4.21 fee acres.

Please be advised that the Town of Quantico is willing to
take immediate possession of the subject property upon approval.
Much of the property can be put to immediate use since it is
already used for park and recreation purposes.

The proposed development of park and recreational facilities
on the site can be accomplished in harmony with the housing area
located in the Town adjacent to the site and in harmony with the
surrounding military base. This park will be an asset mot only.to
the Town but also to the surrounding community including personnel
stationed at the Marine Corps facility at Quantico. If there are
any questions concerning this application, please do not hesitate
to contact me. On behalf of the Town, I would like to thank you
for your assistance in this important matter.

Very truly yours,
e L& HTE
Ross G. Horton

RGH/pde
encls.

cc: Town Council, Town of Quantico
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General Scrvices Aumimistiation, Region 4
7§ Spring Street SW.
Atlanta. GA 30303

July 10, 1985

Mr. James W. Coleman, Jr.

Regional Director

-'ac‘;m-n.

U. S. Department of the Interior |

1
1
! Prov s am i
1

National Park Service . 4
Mid-Atlantic Region . S|

: | _¥rtgeny 1
143 South Third Street | et v ~
Philadelphia, PA 19106 :: f‘ﬂ--.:-'c-:-amj ‘H\d'-"
Dea;. Mr. Coleman: ; : C:‘-(,, E"* ) .

Reference is made to your letter of May 10, 1985, to Mr. Donald F.
Layfield requesting that the property identified below be assigned
to the Secretary of the Interior for conveyance at 100 percent
public discount to the Town of Quantico, Virginia, for public park
or recreational purposes.

.
$

Property '
Identification Reporting Agency Description
4-N-VA-493-M Marine Corps Develop- (P) Parcel No. 8,

ment and Education Marine Corps Develop-
Command ment Command, Quantico,
Quantico, VA 22134 Prince William County,

. Virginia (4‘2“4‘)

Pursuant to the authority vested in the Administrator of the
General Services Administration by the provisions of the Federal
Property and Administrative Services Act of 1949, 63 Statute 377,
as amended, and a delegation of that authority by him, I hereby
assign the above~mentioned property to the Secretary of Interior
for disposal for public park and recreational purposes as
outlined above, in accordance with the provisions of Section
203(k)(2) of said Act, subject to the terms, conditions,
reservations, and restrictions, if any, contained in the Report
of Excess Real Property. :

We transfer this property subject to your compliance with the
ptovisions of the National Environmental Policy Act of 1969, as
amended; the National Historic Preservation Act of 1966, as
amended; Executive Orders 11988 and 11990, subject: Floodplain
Management and Protection of Wetlands; and other appropriate
guidelines, regulations, laws, and executive orders pertaining to
the future use of this property.



Mr. James W. Coleman, Jr. Co-2- July 10, 1985

No objection is interposed to the proposed conveyance of the
property at 100 percent public benefit allowance, subject to
the usual terms and conditions in transfers of property for on-
site use.

The responsibility for custody and accountability of the property
and the protection and maintenance thereof, pending disposition,
will be governed by the provisions of Federal Property Management
Regulation 101-47.402.

Enclosed is a copy of Standard Form 118 covering the propérty.
If you need additional information, please let us know.

Sincerely,

TBY
Acting\Director
Disposal Division

r

Enclosure ' C
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DESCRIPTION OF EXCESS PROPERTY ADJOINING TOWN OF QUANTICO

This is the division of a parcel of land located at the Marine Corps .
Development and tducation Command, Quantico, Virginia in the County of Prince
William. The division is as a result by the Command to excess six parcels of s
land containing 4.21 acres of an original 4.38 acre parcel acquired in 1942 for
an improved access to the US Naval Hospital. Said parcel of land is shown on
the Real Estate Summary Map 1309517, in the Plat Description as Item No 6,
containing 4.38 acres and was the civil deed of taking No 473 dtd 10-13-42 and
on the Composite Property Map, PW Dwg No 1739 and is listed as Parcel No 8.

The said parcel will be divided into 7 parcels of land and will be identified
as Parcels “"A" through "G".

Parcel "A"

Said parcel begins at a point which is located N 67° 25' Q0" W 53.33' from
US Mon No 134, and is located on the west edge of the right-of-way leading to
the Naval Regional Medical Clinic and the north edge of Potomac Avenue. Thence
continuing along the right-of-way of Potomac Avenue N 67° 25' 00" W 88.03' to
an iron pipe set in concrete; thence N 22° 35' 00' E 120.00' to a point; thence
S 67° 25' 00" E 88.03' to a point in the edge of the right-of-way leading to
Naval Regional Medical Clinic; thence along the edge of the said right-of-way S
22° 35' 00" W 120.00' to the point of beginning containing an area of .243
acre. ES :

Parcel "B"

Said parcel is located on the west edge of the Naval Regional Medical
Clinic right-of-way and is N 22° 35' Q0" E 116.00*' along the said right-of-way
from Parcel "A". Thence N 67° 25' 00" W 88.03' to a point; thence N 22° 35'
00" E 50.00' to a point; thence S 67° 25' 00" E 88.03' to a point in the above
mentioned right-of-way; thence S 22° 35' 00" W 50.00 ' to the point of
beginning containing .101 acre. Said parcel is a continuation of Fourth Avenue
in the Town of Quantico.

Parcel "C"

Parcel "C" begins at a point which is located on the west edge of the
Naval Regional Medical Clinic right-of-way and is a common corner with Parcel
“B". Running N 67° 25' 00" W 88.03' to a point; thence N 22° 35' 00" E 230.00'
to a point which is a common corner with Third Avenue; thence S 67° 25' 00" E
88.03"' to a point in the said right-of-way; thence S 22° 35' 00" W 230.00'
alony the right-of-way to the point of beginning containing .465 acre.



Parcel "D"

Said parcel begins at a point that is a common corner to Parcel "C", and
the Naval Regional Medical Clinic right-of-way. Running N 67° 25' 00" W 88.03'
to a point; thence N 22° 35' 00" E 40.00' to a point; thence S 67° 25' 00" E
88.03' to a point in the said right-of-way; thence S$ 22° 35' 00" W 40.00' along
the right of way to the point of beginning containing .081 acre and is the
continuation of Third Avenue in the Town of Quantico.

Parcel "E"

Said parcel begins at a common corner with Parcel "D" and the Naval
Regional Medical Clinic right-of-way. Running, N 67° 25' 00" W 88.03' to a
point; thence N 22° 35' 00" E 187.97' to a point in the line from Prop Mon 141
to Prop Mon 142; thence along the same S 52° 40' 00" E 91.03; to a point on the
Naval Regional Medical Clinic right-of-way; thence along said right-of-way S
22° 35' 00" W 164.79; to the point of beginning containing .356 acre.

Parcel "F"

Said parcel includes North River Road and is the Naval Regional Medical
Clinic right-of-way. Parcel begins at a point N 67° 25' 00" W 19.33' from US
Prop Mon No 134, Running N 67° 25' 00" W 34.00 to a point located on the north
edge of Potomac Avenue and a common corner to Parcel "A"; thence N 22° 35' 00"
E 720.79' to a point in the line from US Prop Mon 141 to US Prop Mon 142;
thence running with the same S 52° 40' 00" E 35.16' to a point; thence § 22°
35" 00 W 711.84' to the point of beginning containing .562 acre of which .168
acre is a part of the original 4.38 acre deed of taking and .394 acre which is
North River Road, formerly known as Shipyard Road and is excluded from
excessing.

Parcel "G"

Beginning at a point which is the intersection of the north edge of
Potomac Avenue, east edge of the Naval Regional Medical Clinic right-of-way,
and the old Riverview Hotel Property. Said point is N 67° 25' Q0" W 19.33'
from US Gov't Prop Mon No 134. Running N 22° 35' Q0" E 711.84' to a point in
the line from Prop Mon No 141 to Mon No 142; thence S 52° 40' 00" E 313.83' to
US Prop Mon No 142; thence with the mean high water mark of the Potomac river
to the intersection of the Northeasterly right-of-way line of Potomac Avenue;
thence running N 67° 25' 00" W along the right-of-way line of Potomac Avenue to
the point of beginning. Parcel “G" excludes two parcels of land that are
privately owned. The acreage figure for Parcel "G" was determined by

" subtracting Parcels "A" through "f" from the original deed of taking, civil No

473 dtd 10-13-42, containing 4.38 acres. Unable to mathematically close the
boundary traverse due to original deed description calling for along the mean
high water mark of the Potomac River to the intersection of the Northeasterly
right-of-way line of Potomac Avenue; thence along the right-of-way line of
Potomac Avenue to the point of beginning. .
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APPENDIX 2

Town of Quantico’s Request for Proposals 1989
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Mitchell Raftelis /

TOWN OF QUANTICO
P.O. BOX 152
QUANTICO. VIRGINIA 22134

January 30, 1989

Ms. Cara Bobchek
Director of Marketing
Dewberry & Davis

8401 Arlington Boulevard
Fairfax, VA 22031

Dear Ms. Bobcheck:

The Town of Quantico is accepting proposals for work to be conducted under
a Coastal Resources Management Grant. The objective of this project is to
identify the environmental sensitivities of a portion of the Potomac river
front that is to be developed into a public park and marina.

As part of the work program the selected consultant should provide the
Town with a report identifying: .

o Expected impacts of park and marina development.

o Strategies to protect the shoreline area and other identified
environmentally sensitive areas.

o Necessary sea walls, jetties, groins, bulkheads, etc., and design
criteria.

0 Required permits.

o0 Required dredging.

Also a bathymetric survey of the study area should be performed and a
bathymetric map of the area should be provided to the Town.

The project completion date is September 1, 1989. A copy of the Request
for Proposals as it appeared in the Monday, January 30, 1989, edition of
the Washington Post, is enclosed.

If you have any questions, please direct them to Beth Topol, Environmental
Planner for the Northern Virginia Planning District Commission,
703-642-0700.

Sincerely,

Councilman, Town ©f Quantico

MR/BT/1s
Enclosure

et Z(\l‘z’f\



Shoreline Management

The Town of Quantico is
accepting proposals for
work to be performed under
a Coastal Resources
Management Grant. The
project is designed 1o
identity environmental
sensitivities and make
recommendations to protect
portions of the Potomac
Shoreline. The goal is to
convernt this riveriront area
into a recreational park and
marina in an environmentaily
sound manner.

The scope of work will
include but not be limited
1o:
1.ldentification of permits for
shoreline stabilization and
marina development.

2.A bathymeltric survey.
3.Evaluation of shoreline
erosion and sedimentation.
4.Sediment analysis.
5.ldentitication of all
dredging needs.

6.Tidal and flood water
elevation identification.
7.Wind and wave climate
assessment.

Expected products include
a repon:
1.Listing environmental
constraints and shoreline
stabilization needs.
2.ldentilying effective
angies and design
requirements for structures
needed to protect shoreline
areas.
3.Listing required permits
for shoreline stabilization
and marina development
activities.
4.ldentifying all required
dredging and possible
locations for dredge spoils.

Also, a bathymetric map of
the study area must be
provided. ,

Six copies of the proposal
should be submitted to the
Town of Quantico, P.O. Box
152, Quantico, VA 22134
by February 21, 1989, 4:00
p.m. For rore info. call 703-
642-0700. The Town may
accept or reject any or all
proposals. EOE.



‘ n j
u ->

Eoy s

£

APPENDIX 3

List of Sources of Information and Selected Bibliography



APPENDIX 3

LIST OF SOURCES OF INFORMATION AND SELECTED BIBLIOGRAPHY

The following is a list of historic maps, plans, photographs,
communications, and other documents and sources of information
that were obtained through the Town of Quantico, Quantico Marine
Corps Base, Northern Virginia Planning District Commission and
other sources. Also furnished is a list of selected bibliography.

00GCcO0OO0OO0

Coastal Resources Management Grant Contract.

Quantico Municipal Park Quitclaim Deed, and relevant
communication between the U.S. National Parks Service,
General Services Administration and Town's Attorney.
Quantico Municipal Park Deed Signing Ceremony, and relevant
addresses and documents.

Quantico Municipal Park Proposal, 1"=100' scale Concept
Plan, by James Hall III, Hampton University, through
Community Assistance Grant, U.S. Department of Housing and
Urban Development, Summer 1986.

Zoning Ordinance, Town of Quantico.

Town Code, Town of Quantico.

Town of Quantico Plat.

Comprehensive Plan, Text and Maps, Town of Quantico, 1980.
FEMA Report, February 1978, and FIRM Map.

U.S5. Coast and Geodetic Survey, Potomac River, Douglas
Point to Cockpit Point, Maryland and Virginia, Soundings,
1:10,000 Scale, 1904.

U.S5. Coast and Geodetic Survey, Potomac River, Aquia Creek
to Mattawoman Creek, Maryland and Virginia, Land Topography
and Shareline, 1:20,000 Scale, 1903-1904.

Joseph Barry, Surveyor, Plat Showing Property of the
Quantico Company, Shoreline, 1"=400" scale, 1916.
Subsurface Survey Bureau, Preliminary Map Boundary Showing
Parcels 1,2 &3, and U.S5. Marine Corps Reservation, Quantico,
Shoreline, 1"=1000" scale, 1920.

Quantico Marine Corps Base, Map of Marine Barracks, with
Soundings, 1"=200' scale, June 30, 1928.

U.S. Coast and Geodetic Survey, Topographic Map No. T-3743,
Maryland-Virginia Potomac River, Neabsco Creek -~ Quantico,
1:10,000 Scale, 1940.

National Ocean Survey, Hydrographic Survey No. 9322,
Virginia—-Marvland, Potomac River, Vicinity of Quantico,
Soundings, 1:10,000 scale, 1972.

U.S. Geologic Survey, Quantico, VA.-MD., SE/4 Quantico 13°
Quadrangle, 1:24,000 scale, 19464, Photorevised 1983,
Bathymetry added 1982.
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SELECTED BIBL.IOGRAPHY

American Institute of Architects:
"Marinas,"”" in Ramgey/Sleeper Architectural Standards,
7th Ed., Robert T. Packard, Editor, American Institute of
Architects, New York, 1985.

American Wood Preservers’ Association:
Standard C18-77: Standard for Pressure Treated Material in
Marine Construction, 1977.

American Wood Preservers Institute:
AWPI Technical Guidelines for Pressure Treated Wood - §2
Bulkheads: Design and Construction - Part 1, 1970..

Bruun, Per:
Port Engineering, 3rd Ed., Bulf Publishing Co., Houston,
TX, 1981.

DeChiara, Joseph, and Koppelman, Lee E.:
"Waterfront Development: Docks and Floats, Marinas," in
Time-Saver Standards for Site Planning, McGraw-Hill, New
York, 1984.

Fisher, Hugo B.:
Mixing in Inland and Coastal Waters, Academic Press, New
York, 19279.

Fleming, Charles A., Austin, Robin L. and Braley III, Charles A.:
Quantico: Crossroads of the Marine Corps, History and
Museums Division Headquarters, U.S. Marine Corps,
Washington, D.C., 1978.

MEECO Marinmas, Inc.:
Floating Marina Systems, McAllister, OK, 1989.

Pile Buck, Inc.:
Pile Buck Steel Snet Piling Design Manual, Revised Reprint
of Steel Sheet Piling Design Manual originally published by
U.S. Steel Corporation, Jupiter, FL, 1987,

Pile Buck, Inc.:
The Pile Buck Annual, Jupiter, FL, 1988.

U.S. Army Corps of Engineers:
Low Cost Shore Protection ... A Guide for Engineers and
Contractors, Office of the Chief of Engineers, Washington,
b.C., 1981.

U.S5. Army Corps of Engineers:
Low—Cost Shore Protection, Final Report on the Shoreline
Erosion Control Demonstration Program (Section 54), DOffice
of the Chief of Engineers, Washington, D.C., 1981.




U.S5. Army Corps of Engineers:
Shore Protection Manual, Coastal Engineering Research
Center, Waterways Experiment Station, Vicksburqg, MS, 1984.

U.S5. Army Corps of Engineers:
Engineering and Design: Design of Coastal Revetments,
Seawalls, and Bulkheads, EM 1110-2-1614, 30 April 1985.

U.S. Army Corps of Engineers:
Engineering and Desiqn: Hydraulic Desiqn of Small Boat
Harbors, EM 1110-2-16135, 25 September 1984.

U.S. Department of Commerce:
1989 Tide Tables: High and Low Water Predictions, NOAA,
National Ocean Survey, Washington, D.C., 198%.

U.S. Department of Commerce:
Tidal Currents 1989, NOARA, National Ocean Survey,
Washington, D.C., 1989. ’ ’

U.S. Environmental Protection Agency:
Coastal Marinas Assessment Handbook, Region IV, Atlanta,
GA, April 1985.

Whiteneck, Lawrence L., and Hockney, Lester A.:
Structural Materials for Harbor and Coastal Construction,
McGraw—Hill, New York, 198%.
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Personal Interview Summaries, Records of Correspondence



.

AUANTICO RIVERFRONT STUDY

FROJECT STAFF SITE VISIT JUNE 16, 1989

ATTENDEES : Oner Yucel. Bob Hallermeier, Mark Headly and

Rusty Arcuni (Harbor Master)

The meeting was held for two purposes:
1. To discuss various aspects of the project with Rusty,
2. For Beob H. Mark H. to inspect the site.

We presented a quick overview of the project based on D&D’'s
preliminary topo, and expressed our intention to conduct
soon some field measurements with a boat. We showed the

a table of tide range calculations QY had prepared.and
confirmed its accuracy with Rusty. Upon our request, Rusty
voluntereed the following comments:

X Currents can be strong. During the tide coming up the
river, tha marina basin is protected by the Marine
Base dock, and hence is usually quiescent. During the
ebb cycle as the tide leaves down the river, however,
the marina basin is subjected to a very visible and
consistent "whirl" created by currents coming in from
north and after following a counterclockwise course
leave the basin in a dir=ction roughly perpendicular
to the river. [It was a day with moderate southerly
winds and the tide was receding according to the tide
table predictions. We observed that the boats anchored
immediately north of the dock were guite protected,
while those anchored further away from the dock and in
somewhat less protected positions had taken different
orFientations, indicating the local current directions.]

¥ The Marine Rase dock has been flooded to the level of
my knees [which we estimated to be 8.5, or 3 ft above
the top of dock, 3.5 MSL] on an otherwise calm day
without wind—-driven waves a few years ago [probably
during the 1985 storm. Bob H. indicated that there
may be a need for revewing the 100-year flood levels.]
However, no damage was sustained to the boats that were
attached to the floating docks within the marina basin.
Nevetheless, Rusty commented that a higher breakwater
should probably be designed for the proposed marina.

X Rusty does not remember any maintenance dredging ever
done in and around the marina. The 30 to I5 —deep
hole outboard of the dock has always been there, and
the marina basin itself has never paused any "draft"
problems for the boats (up to 40’ to 50’ length).

X Rusty indicated that the Base marina is always clean
and they certainly prevent oil spills from occuring,
but the Town 's beach needs clean-up four times a year.



Rusty indicated that the depths shown on D&D’'s topo are
inaccurate are basically good, sxcept that they should
nearly 5 deeper along the perimeter of the basin, and
that along a line projected parallel to the outer edge
of the Marine dock, the depths should be 20° to 2537.
[MH and 0OY checked the spot shots in the area shown on
the preliminary topo, and decided that the discrepancy
may not be a serious one. However, MH will explore the
possibility of using fish—~finder to confirm the water
depths in the area during their field work. Upon his
reguest, we will furnish Rusty with copies of the
current and 1928 topo as well as other plans.]

Rusty also pointed out that there is an underwater
storm drain pipe approximately following the property
line in the north, that is exposed during extremely
low tide conditions. [Mark H will try to locate it.]

Rusty strongly criticized the previous sketch plan in
regards to the "solid wall'" in the south as well as
distant and inadequate parking facilities. He suggested
that theres is no need for the wall in the south, that
the parking facility should be next to the shoreline

to accomodate temporary and permanent storage of boats.

Rusty agreed with our plans of creating a mirror image
of the Marine Base marina in the Town marina basin,
including the "sufficiently long" breakwater in the
north and strongly recommended "floating docks" south
of the breakwater.

Rusty commented that the proposed marina should best be
designed primarily for "large, luxury" boats for “rich®
indivuals to retire in Quantico, and suggested that the
Town marina should have at least 40 slips far 40° to
50° boats. Accordingly., he suggested that the marina
basin should be dredged to &° to 8° depth.

Rusty indicated that except for the visible beach area
south of the shoreline, the bottom of the marina basin
is all mud. He also suggested that the "dredge problem”
will be a formidable one, and asked several times as to
how D&D is planning to dispose of the dredge material.
The only logical place he can suggest for the disposal
site is the "wetlands" area northwest of River Road,
but recognizes the problem with these tidal wetlands.

Rusty referred to the six large-size "ice—eaters" he
has in the Marine Base marina, strongly recommended
that we consider ice as a major problem. ~ '

Rusty expressed his willingness to help us as needed.
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MEMORANDUM
August 11, 1989
TO : Various Agency Representatives -
FROM : Kurt R. Thompson, P.E., Dewberry & Davis ¥7l
SUBJECT : Quantico Potomac Riverfront Environmental Study

Per telephone conversations with representatives of Dewberry & Davis,
this is to provide directions and additional relevant information
concerning the site meeting scheduled on the above referenced project.

We are planning to meet at the site near the beach area in the southern
portion of the park between River Road and shoreline, at noon on
August 21, 1989. Please consult attached directions, a vicinity map
and a project schematic.

Also attached for your information are a brief description of the
project and a list of the various agency representatives who may
attend the site meeting.

If you are unable to attend this meeting, or have any questions,
please contact me or Oner Yucel at (703) 849-0554,

Thank you very much for your cooperation.

Dewberry & Davis A8
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Agency Representatives to Attend the Site Meeting:

Ms. Beth Topol
NVPDC, 7630 Little River Turnpike, Suite 400
Annandale, VA 22003 (703) 642-0700

Mr. Mitchel P. Raftelis
503 C Street, Quantico, VA 22134 (703) 640-7979

Mr. James E. Brogdon

U.S. Army Corps of Engineers, Northern Virginia Field Office
Plaza South, Suite 102, 138 Graham Park Road

Dumphries, VA 22026 (703) 221-6967

Mr. Les Balderson
Virginia State Water Control Board, P.0. Box 11143
Richmond, VA 22230-1143 (804) 367-0062

Mr. Chuck Roadley
Virginia Marine Resources Commission, P.0. Box 756
Newport News, VA 23607 (804) 247-2200

Mrs. Julie Bradshaw
Virginia Institute of Marine Sciences

Gloucester Point, VA 23062 (804) 642-7395
Mr. Lee Hill

Shoreline Erosion Advisory Service, P.0O. Box 1024
Gloucester Point, VA 23062 (804) 642-7121

Mr. Doldon Moore, Jr.

Department of Natural Resources, Water Resources Administration
Tidal Wetlands Division, Tawes State Office Building, D-4
Annapolis, MD 21401 (301) 974-3871

Mr. Sean Smith

Department of the Environment

Standards and Certifications Division, 2500 Broening Highway
Baltimore, MD 21224 (301) 631-3609

Mr. Maurice Foushee

Prince William County, Planning Office

1 County Complex Court

Prince William, VA 22192-9201 (703) 335-6830

Dewherry & Davis ,:"0'



Directions:

* From Washington, DC and north/east: Take I-95 South
From Richmond, VA and south: Take I-95 North

%* Take Exit 50 to 619 East (also Fuller Road) for Quantico.

* Follow Fuller Road to end, passing through the Quantico Marine
Base Gate. You may tell the guard at the gate that you will be
going to the marina, and he should let you through. Follow to the
Town of Quantico.

* Turn left, crossing the railroad tracks, on to Potomac Avenue and
into the Town. Follow to end of Potomac Avenue, which continues to
become the Marine Base’s dock. Turn left on to River Road. The
project area is on the right, between River Road and the
shoreline, also north of the Quantico Marine Base'’s dock.

PROJECT DESCRIPTION

Dewberry & Davis (D&D) was selected to perform the envirormmental
and engineering services for this project on behalf of the Town
of Quantico, Virginia, and the Northern Virginia Planning District
Commission (NVPDC).

Shoreline stabilization is an essential element of the proposed

public park and marina facilities in the area donated to the Town of
Quantico by the Federal Government. As shown on the attached vicinity
map, the riverfront in this project area is the only access to the
Potomac River for the Town.

The condition of the shoreline is featured by a deteriorated masonry
seawall with accompanying shoreline erosion and a narrow beach along a
short segment of the shoreline in the south. Field surveys and
environmental measurements, historiec trends of the shoreline migration,
analysis of published information and other evaluations revealed that a
breakwater can provide an adequate stabilization and protection means
for the shoreline and the proposed public park and marina facilities.
Thus, one primary purpose of the project is to study the environmental
aspects of the project, including the potential environmental impact of
the proposed structures and dredging activities. Also included in

the project work scope is to identify and assess all aspects of

permit processing at the local, state and federal levels.

Dewberry & Davis ,ﬁg
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Agency Representatives to Attend the Site Meeting:

Ms. Beth Topol
NVPDC, 7630 Little River Turnpike, Suite 400
Annandale, VA 22003 (703) 642-0700

Mr. Mitchel P. Raftelis
503 C Street, Quantico, VA 22134 (703) 640-7979

Mr. James E. Brogdon

U.S. Army Corps of Engineers, Northern Virginia Field Office
Plaza South, Suite 102, 138 Graham Park Road

Dumphries, VA 22026 (703) 221-6967

Mr. Les Balderson
Virginia State Water Control Board, P.0. Box 11143
Richmond, VA 22230-1143 (804) 367-0062

Mr. Chuck Roadley
Virginia Marine Resources Commission, P.0. Box 756
Newport News, VA 23607 ) (804) 247-2200

Mrs. Julie Bradshaw
Virginia Institute of Marine Sciences
Gloucester Point, VA 23062 (804) 642-7395

Mr. Lee Hill
Shoreline Erosion Advisory Service, P.0. Box 1024
Gloucester Point, VA 23062 (804) 642-7121

Mr. Doldon Moore, Jr.

Department of Natural Resources, Water Resources Administration
Tidal Wetlands Division, Tawes State Office Building, D-4
Annapolis, MD 21401 (301) 974-3871

Mr. Sean Smith

Department of the Environment

Standards and Certifications Division, 2500 Broening Highway
Baltimore, MD 21224 (301) 631-3609

Mr. Maurice Foushee

Prince William County, Planning Office

1 County Complex Court

Prince William, VA 22192-9201 (703) 335-6830

Dewberry & Davis S
9es



Directions:

* From Washington, DC and north/east: Take 1-95 South
From Richmond, VA and south: Take I-95 North

* Take Exit 50 to 619 East (also Fuller Road) for Quantico.

* Follow Fuller Road to end, passing through the Quantico Marine
Base Gate. You may tell the guard at the gate that you will be
going to the marina, and he should let you through. Follow to the
Town of Quantico.

* Turn left, crossing the railroad tracks, on to Potomac Avenue and
into the Town. Follow to end of Potomac Avenue, which continues to
become the Marine Base's dock, Turn left on to River Road. The
project area is on the right, between River Road and the
shoreline, also north of the Quantico Marine Base’s dock.

PROJECT DESCRIPTION

Dewberry & Davis (D&D) was selected to perform the environmental
and engineering services for this project on behalf of-the Town
of Quantico, Virginia, and the Northern Virginia Planning District
Commission (NVPDC).

Shoreline stabilization is an essential element of the proposed
public park and marina facilities in the area donated to the Town of
Quantico by the Federal Government. As shown on the attached vicinity
map, the riverfront in this project area is the only access to the
Potomac River for the Town.

The condition of the shoreline is featured by a deteriorated masonry
seawall with accompanying shoreline erosion and a narrow beach along a
short segment of the shoreline in the south. Field surveys and
environmental measurements, historic trends of the shoreline migration,
analysis of published information and other evaluations revealed that a
breakwater can provide an adequate stabilization and protection means
for the shoreline and the proposed public park and marina facilities.
Thus, one primary purpose of the project is to study the environmental
aspects of the project, including the potential environmental impact of
the proposed structures and dredging activities. Also included in

the project work scope is to identify and assess all aspects of

permit processing at the local, state and federal levels.

Dewberry & Davis g‘
®
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Dewberry & Davis 433

Axchitects Engineers Planners Surveyors

8401 Arlington Boulevard
Fairfax, VA 22031-4666
703 849-0100

August 23, 1989

Mr. Sean Smith

Department of the Environment
Standards and Certifications Division
2500 Broening Highway

Baltimore, Maryland 21224

Dear Mr. Smith:

Furnished are the following items related to the Interagency site meetings
held on August 21, and 22, 1989:

o Agenda
0 Summary Minutes
o List of Invited Persons and/or Attendees

Please review the above information. Written comments concurring with or
clarifying the minutes are requested from each agency by September 15,
1989. Additional comments are also encouraged.

On behalf of the Town of Quantico and the Northern Virginia Planning

District Commission, your attendance at the site meeting and any other
assistance provided is greatly appreciated.

If you have any questions, please do not hesitate to call either myself or
Oner Yucel at 849-0552.

Sincerely,
DEWBERRY & DAVIS

I

urt R. Thompson, P.E.
Associate

KRT:bae

Enclosures

[

cc: Ms. Beth Topol, NVPDC

Annapolis, MD Greensboro, NC Marion, VA
Baitimore, MD Johnson City, TN Prince Frederick, MD
Danville, VA Landover, MD Raleigh, NC

Frederick, MD Leesburg, VA Richmond, VA

el saw  ma_ ra At ar o tra



Dewberry & Davis

Architects Engineers Planners Surveyors

8401 Arlington Boulevard
Fairfax, VA 22031-4666
703 849-0100

August 23, 1989

Mr. Les Balderson

Virginia State Water Control Board
P.0. Box 11143

Richmond, Virginia 22230-1143

Dear Mr. Balderson:

Furnished are the following items related to the Interagency site meetings
held on August 21, and 22, 1989:

o Agenda
0 Summary Minutes
o List of Invited Persons and/or Attendees

Please review the above information. Written comments concurring with or

clarifying the minutes are requested from each agency by September 15,
1989. Additional comments are also encouraged.

On behalf of the Town of Quantico and the Northern Virginia Planning
District Commission, your attendance at the site meeting and any other
assistance provided is greatly appreciated.

If you have any questions, please do not hesitate to call either myself or
Oner Yucel at 849-0552.

Sincerely,
DEWBERRY & DAVIS

Kurt R. Thompson; P.E.
Associate

KRT:bae
Enclosures

cc: Ms. Beth Topol, NVPDC

Annapolis, MD Greensboro, NC Marion, VA '
Baltimore, MD Johnson City, TN Prince Frederick, MD
Danville, VA Landover, MD Raleigh, NC

Frederick, MD Laesburg, VA Richmond, VA



Dewberry & Davis

Architects Engineers Planners Surveyors

8401 Arlington Boulevard
Fairfax, VA 22031-4666
703 849-0100

August 23, 1989

Mr. Ned H. Burger

Environmental Engineer

Virginia Department of Conservation and Recreation
Division of Soil and Water Conservation

P.0. Box 1425

Tappahannock, Virginia 23060

Dear Mr. Burger:

Furnished are the following items related to the Interagency site meetings
held on August 21, and 22, 1989:
o Agenda T
o Summary Minutes
o List of Invited Persons and/or Attendees

Please review the above information. Written comments concurring with or
clarifying the minutes are requested from each agency by September 15,
1989. Additional comments are also encouraged.

On behalf of the Town of Quantico and the Northern Virginia Planning
District Commission, your attendance at the site meeting and any other
assistance provided is greatly appreciated.

If you have any questions, please do not hesitate to call either myself or
Oner Yucel at 849-0552, '

Sincerely,

DEWBERRY & DAVIS
urt R. Thompson, P.E.
Associate

KRT:bae
Enclosures

cc: Ms. Beth Topol, NVPDC

Annapolis, MD Greensboro, NC Marion, VA
Baltimore, MD Johnsan City, TN Prince Frederick, MD
Danville. VA Landover, MD Raleigh, NC
Frederick, MD Leesburg, VA Richmond, VA

Gaithersburg, MD Manassas, VA Woodbridge, VA
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Dewberry & Davis

Architects Engineers Planners Surveyors

8401 Arslington Boulevard
Fairfax, VA 22031-4666
703 849-0100

August 23, 1989

Mr. Maurice Foushee

Prince William County

Planning Office

1 County Complex Court

Prince William, Virginia 22192-9201

Dear Mr. Foushee:

Furnished are the following items related to the Interagency site meetings
held on August 21, and 22, 1989:

o Agenda
o Summary Minutes
o List of Invited Persons and/or Attendees

Please review the above information. Written comments concurring with or
clarifying the minutes are requested from each agency by September 15,
1989. Additional comments are also encouraged.
On behalf of the Town of Quantico and the Northern Virginia Planning
District Commission, your attendance at the site meeting and any other
assistance provided is greatly appreciated.

If you have any questions, please do not hesitate to call either myself or
Oner Yucel at 849-0552.

Sincerely,
DEWBERRY & DAVIS
J%Z%f;ii//h-
ijff;’;i/Thomp::ZTH;T;T‘
Associate
KRT:bae

Enclosures

cc: Ms. Beth Topol, NVPDC

Annapolis, MD Greensboro, NC Marion, VA
Baltimore, MD Johnson City, TN Prince Frederick, MD
Danville, VA Landover, MD Raleigh, NC
Frederick, MD Leesburg, VA Richmond, VA

Gaithersburg, MD Manasgsas, VA Woodbridge, VA



Dewherry & Davis &

Architects Engineers Planners Surveyors

8401 Arlington Boulevard
Fairfax, VA 22031-4666
703 849-0100

August 23, 1989

Mr. Doldon Moore, Jr.
Department of Natural Resources
Water Resources Administration
Tidal Wetlands Division

Tawes State Office Building
D-4

Annapolis, Maryland 21401

Dear Mr. Moore:

Furnished are the following items related to the Interagency site meetings
held on August 21, and 22, 1989:

o Agenda

o Summary Minutes

o List of Invited Persons and/or Attendees
Please review the above information. Written comments concurring with or
clarifying the minutes are requested from each agency by September 15,
1989, Additional comments are also encouraged.
On behalf of the Town of Quantico and the Northern Virginia Planning
District Commission, your attendance at the site meeting and any other
assistance provided is greatly appreciated.

If you have any questions, please do not hesitate to call either myself or
Oner Yucel at 849-0552.

Sincerely,

DEWBERRY & DAVIS

Kurt R. Thompson, P.E.
Associate

KRT:bae

Enclosures

cc: Ms. Beth Topol, NVPDC

Annapolis, MD Greensboro, NC Marion, VA
Baitimore. MD Johnson City, TN Prince Frederick, MD
Danville. VA Landover, MD Raleigh, NC
Frederick, MD Leesburg, VA Richmond, VA

Gaithersburg, MD Manassas, VA Wooddbridge, VA



Dewberry & Davis s3e

Architects Engineers Planners Surveyors

8401 Arlington Boulevard
Fairfax, VA 22031-4666
703 849-0100

August 23, 198%°

Mr. Lee Hill

Chief Engineer

Virginia Department of Conservation and Recreation
Division of Soil and Water Conservation

Shoreline Erosion Advisory Service

P.0. Box 1024

Gloucester Point, Virginia 23062

Dear Mr. Hill:

Furnished are the following items related to the Interagency site meetings
held on August 21, and 22, 1989:

o Agenda
o Summary Minutes
o List of Invited Persons and/or Attendees

Please review the above information. Written comments concurring with or
clarifying the minutes are requested from each agency by September 15,
1989, Additional comments are also encouraged.

On behalf of the Town of Quantico and the Northern Virginia Planning
District Commission, your attendance at the site meeting and any other
assistance provided is greatly appreciated.

If you have any questions, please do not hesitate to call either myself or
Oner Yucel at 849-0552.

Sincerely,
DEWBERRY & DAVIS

%\‘//x Z

Kurt R. Thompson, P.E.
Associate

KRT:bae
Enclosures

cc: Ms. Beth Topol, NVPDC

Annapolis, MD Greensboro, NC Marion, VA
Baltimore, MD Johnson City, TN Prince Frederick, MD
Danville, VA Landover, MD Raleigh, NC
Frederick, MD Leesburg, VA Richmond, VA

Gaithersburg, MD Manassas, VA Woodbridge, VA



Dewberry & Davis

Architects Engineers Planners Surveyors

8401 Arlington Boulevard
Fairfax, VA 22031-4666
703 849-0100

August 23, 1989

Mrs. Julie Bradshaw
Virginia Institute of Marine Sciences
Gloucester Point, Virginia 23062

Dear Mrs. Bradshaw:

Furnished are the following items related to the Interagency site meetings
held on August 21, and 22, 1989:

o Agenda
o Summary Minutes
o List of Invited Persons and/or Attendees

Please review the above information. Written comments concurring with or
clarifying the minutes are requested from each agency by September 15,
1989. Additional comments are also encouraged.

On behalf of the Town of Quantico and the Northern Virginia Planning
District Commission, your attendance at the site meeting and any other
assistance provided is greatly appreciated.

If you have anj questions, please do not hesitate to call either myself or
Oner Yucel at 849-0552.

Sincerely,
DEWBERRY & DAVIS

M‘%- r

urt R, Thompson, £.E.
Associate

KRT:bae

Enclosures

cc: Ms. Beth Topol, NVPDC

Annapolis, MD Greensboro, NC Marion, VA
Baltimore, MD Johnson City, TN Prince Frederick, MD
Danville, VA Landover, MD Raleigh, NC
Fraderick, MD Leesburg, VA Richmond, VA

Gaithersburg, MD Manassas, VA Woodbridge, VA



Dewberry & Davis

Architects Engineers Planners Surveyors

8401 Arlington Boulevard
Fairfax, VA 22031-4666
703 849-0100

27

August 23, 1989

Mr. Chuck Roadley

Environmental Engineer

Virginia Marine Resources Commission
2600 Washington Avenue

P.0. Box 756

Newport News, Virginia 23607

Dear Mr. Roadley:

Furnished are the following items related to the Interagency site meetings

held on August 21, and 22, 1989:

o Agenda
o Summary Minutes
o List of Invited Persons and/or Attendees

Please review the above information. Written comments concurring with or
clarifying the minutes are requested from each agency by September 15,

1989. Additional comments are also encouraged.

On behalf of the Town of Quantico and the Northern Virginia Planning
District Commission, your attendance at the site meeting and any other

assistance provided is greatly appreciated.

If you have any questions, please do not hesitate to call either myself or

Oner Yucel at 849-0552.
Sincerely,

DEWBERRY & DAVIS

Kurt R. Thompson,
Associate

KRT:bae
Enclosures

cc: Ms. Beth Topol, RVEDC

Annapolis, MD
Baltimore, MD
Danville, VA
Frederick, MD
Gaithersburg, MD

Greensboro, NC Marion, VA

Johnson City, TN Prince Frederick, MD
Landover, MD Raleigh, NC
Leesburg, VA Richmond, VA
Manassas. VA Woodbridge, VA



Dewberry & Davis

Architects Engineers Planners Surveyors

8401 Arlington Boulevard
Fairfax, VA 22031-4666
703 849-0100

August 23, 1989

Mr. James E. Brogdon
Environmental Scientist
Regulatory Branch

U.S. Army Corps of Engineers
Northern Virginia Field Office
Plaza South, Suite 102

138 Graham Park Road
Dumphries, Virginia 22026

Dear Mr. Brogdon:

Furnished are the following items related to the Interagency site meetings
held on August 21, and 22, 1989:

o Agenda
o Summary Minutes
o List of Invited Persons and/or Attendees

Please review the above information. Written comments concurring with or
clarifying the minutes are requested from each agency by September 15,
1989. Additional comments are also encouraged. )

On behalf of the Town of Quantico and the Northern Virginia Planning

District Commission, your attendance at the site meeting and any other
assistance provided is greatly appreciated.

If you have any questions, please do not hesitate to call either myself or
Oner Yucel at 849-0552.

Sincerely,
DEWBERRY & DAVIS .

o

urt R. Thompson,”P.E.
Associate

KRT:bae
Enclosures

cc: Ms. Beth Topol, NVPDC

Annapolis, MD Greensboro, NC Marion, VA .
Baltimore, MD Johnson City, TN Prince Frederick, MD
Danville, VA Landover, MD Raleigh, NC
Frederick, MD Leesburg, VA Richmond, VA

Gaithersburg, MD Manasgsas, VA Woodbridge, VA



GLANTICE RIVERFROMT EMVIROMMEMTAL ETUDY

AGENDA FOR_INTERAGENCY SITE MEETIMGE ON AUGUST 21 and 22, 1759

II

IL.

IIrT.

IV,

vI.

INTRODUCT IONS

D&D, NVFDE, Town of GQuantico, Agencies

BRIEF DESCRIFTION OF FROJECT

Froject History
Shoreline Stabilization
Marina (Conceptual Plan)
Fark (Conceptual Flan)

FIELD/PURBLISHED DATA/INFORMATION GATHERING

Historical Records and Other Data/Information
Land and Bathymetric Survevs

Tides

Winds

Waves

Currents

Flood Elevations

Wetlands

Sedimsnts

Water Quality (Balinity, TSS, DO, pH)
Freliminary Contacts with Fermitting Agencies

FROFOSED FROJECT AND ALTERMATIVES

Froposed Riverfront Fark and Marina
Freakwater
Marina
Riverfront Fark

Environmental Aspects of Froposed Proiesct
Brzakwater
Diredging
Tidal Flushing

Alternative Shoreline Stabilization Scenarios

DISCUSSION

Jurisdictional FResponsibilities
Solicitation of Verbal/Written Comments on Fermits/Froject
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GULIANTICO RIVERFROMT EP HOMMENTAL, 8TUDY
SUMMARY MINUTES FOR INTERAGEMCY SITE MEETING On AUGBUST 21, 158%

The first meeting was held on August Z1, 178%. In attendance
WEIE 3

James EBrogdon, US Army Corps of Enginesrs, Northern Virginia
Figld Office;
Charles FRoadley, VMROC:
Bradshaw, YIMZ:
X Moore, MD/ADNRAdetlands Divisiong
mhell Raftelis and Howard EBolognese, Town of Quantico;

Topol, NYFD
Thompson, Uner Yucsl and Mark Headly, DED,

After introductions, Kurt Thompson press
WOk op& of the proposed shorelins Etab'
DA mAarina project.

rizf history and
zation, waterfront

Onsyr Yucel and Mark Headly followsd with brief descriptions of
the fisld and published data and information gathsring activities
undaertaken to date by DAD. These activities include thes field and
bathyvmetric suwrvevs, svaluation of historical maps and other
documents on tides, waves, winds, currents, sediments and 100-yyr
flood slavation, as well as preliminary field work on on-site

and off-site wetlands ildentific Ation,‘curremts and watesr guality
limity, SS. pol, pH) measurements, and "grab" sampling of
bottom sediments and the associated analyses and svaluations.

Oner Yucel also presented highlights of the proposed park and
marina concept, including the associated breakwater and piers. as
well as the preliminary dredging and tidel flushing aspects of
the marina portion of the project.

Furt Thompson smphasized that the main purposs of this meeting
was to inunrduce the project to the agencies as a concepit, to
identify Jjurisdictional responsibilities and possibly obtain
comments from the agency reprasentatives on the various aspects
of the proposed project. In this regacd, Murht Thompson asked for
observations and comments on the project from sach agency
raepresentative. Bubseguent comments in writtsn form after
receliving the mlnut ez of the mesting were also encouraged.

The following is a summary of the observations and comments that
ware offered during the site meeting.



on Mogre (Md/DNR/Wetlands Division!s
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pointed out that part of ths proposed projsct that is
outboard {(waterside) of the Mean Low Water line along the
shoreline is in Maryland waters, and henceg falls under
Marvland's jurisdiction.

subject to DNR's review and issuance of a "wetlands license"
would be the proposed marina with its breakwater and piers,
the associated dredging activities including the method of
dredging and dredge material disposal, pumpout facilities,
impacts to the "shallow water habitat" also referred to as
"submerged aguatic vegetation (5AV)Y" and "tidal flushing"
aspects; and portion of the shoreline protection structure
outboard of the Mean Low Watsr line.

the same aspects of the project would alzo be subject to
review for a "water guality certification” from Maryland’'s
Department of the Environment.

based on observation from the shoreline, it appears that the
proposed marina basin is covered to a large extent with
Ryodirilla, wild celery and other B8AVs. From the shallow water
habitat viewpoint, dredging associated with the proposed
marina in this basin is generally objectionable to Md/DNR.
it is likely that the U8 EFA and US Fish & Wildlife Bervice,
National Marine Fisheries, other agencies and special
intersst organizations would respond unfavorably to the
aublic notice that wouwld be advertised by the Md/DMR.

potential for mitigation for this shallow water habitat site
appears very low, and any proposal in this regard would
likely be discouraged, mainly because there is scarce
evidence of success in Marvliand in the case of S5AVs.

v
"delineation of the beds" to beitter describe the type and
density of the various 5AYs may be useful, iT it is desired
to further explore any locations that may be agreeable to
Md/DNR for dredginga.

with minimum or no dredging. the proposed breakwater with
riprap toe protection and the fleoating piers would likely be
found less objectionable.

if dredging is done using clamshell, it would not require
"water quality certification" by Marvland' s Department of
the Environment. The land-side disposal in Virginia would
be local issues, unless its outfall affescts Marydand waters.

"economics” is only one of the criteria, and is often out-
waighed by the senvironmental criteria.

no major problems are anticipated with the shoreline
protection part of the proposed project.
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Us Corps of Engineers’ Baltimore District will not be
involved in this project.

US Corps of Engineers MNMorfolk District would have the
jurisdiction regarding the issuance of a Section 404 permit
for any fills and a Section 10 permit for the structures.

mainly because of the S5AVs present in the proposed marina
basin, the proposed project will likely be controversial,
with close scrutiny by the Ub EPS, U5 FRWS, and Nafticnal
Marine Fisheries.

Charles Roadley (YMRC):

¥

other than being the "clearing bhouse' for permit processing.
VMREC would have very limited Jjurisdiction for this projiscth.

based on observationsz, it appears that the shoreline is &
nonvagetated wetland by Virginia definitions.

YMRC would provide "over—sight" to assist the local wetlands
board in regards to the nonvegetated wetlands {the zone
betwsen MLW and MHW).

Julie Bradshaw (VIMS) 3

¥

VIME would only provide comments, 1T any, on this project,
mainly to aid the local wetlands board.

VIMS concurred that the shoreline appears to be compossd of
mostly non-vegetated wetlands.
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Ms. Bsth Topol
MWFDC, 74670 Little River Turnpike. Suite 400
Annandale, VA 22003 (70TY L4Z-0700

M. Mitchel F. Raftelis
303 C Street, Quantico., VA 22134 (703) 407977

Mr. James £. Brogdon

Environmental Scientist, Regulatory Branch

Ua3. Army Corps of Enginsers, Northern Virginis Field O0ffice
Flaza South, Suite 10Z, 138 Graham Fark Road

Dumphries, YA 22026 3
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DEY Z2L-6R87
Mr. Chuchk Roadlsy

Environmental Enginser

Virginia Marine Resources Commission

2600 Washington Avenue, F.0. Box 754

Mewport News, VA ZI&07 (BOJ) Z247-Z200

Mrs. Julie Bradshaw
Virginia Institute of Marine Sciencaes :
Gloucester Foint, YA 250632 (god) (42738

Mr. Les Hill

Chief Engineer

Virginia Deparitment of Conservation and Recreation

D1v1:¢Dn of Soil and Water Conservation

Shoreline Erosion Advisory Service, F.0. Box 1024
Glouwcester Point, VA& 230862 (804) &42-7121

M. Doldon Moore, Jr.

Department of Natural Resources, Walter Resources Administration
Tidal Wetlands Division, Tawes DState Office Building, D-4
Anmapolis, MD 21401 . ‘ (S01) 77432871

Myr. Maurice Foushes
Frince William County, F
1 County Complesx Court
Frimoce William, VA Z22192-9201 {703y IZE-LEBTO

lanning Office

LT
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Qther Individusals Who Also Attendsd ths

M. Howard Bolognese

Mayor, Town of fuantico

I14 Potomac Avenue

Quantico, VA ZE21354 {703Z) &40-56173

M. Med H. Burger
Ernvironmental Enginesr

Vi*qu*a Department of Conservation arnd Recrsation
Dl»’;loﬁ of Soil and Water Conservation
F.0. Box 1425

Tﬂrpandnﬂurl VA 23

Aogmnoy Representabtives Also Invitsed Dol Wers inahle to Attends

Mr. Les Balderson
VYirginia State Water Control Board, F.0. Box 11143
Richmond, V& ZEZZ0-11473 {B04) T&ET-00s2

Mr. Sesan Smith

Department of the Environment

Standards and Certifications Division, 2500 Broening Highway
Baltimore, MD 2122 {(Z01) A31-5609
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LTE OF (E SCIENCE DEWBERRY & DAVIS
STITUTE OF .\[ARAIN E SCIENCE WATER RESOURCES ENG%NEER‘NG
OL OF MARINE SCIENCE

THE COLLEGE OF WILLIAM AND MARY
VIRGINIA 1IN
SCHC

August 28, 1989

Mr. Kurt R. Thompson
Dewberry & Davis .

8401 Arlington Boulevard
Fairfax, VA 22031-4666

Dear ifr. Thompson:

Thank you for the opportunity to comment on the proposed activity at
the Quantico shoreline. I have reviewed the minutes of our August 21, 1989
meeting. Please substitute the following comments for those which are
attributed to me in your August 23, 1989 letter. I believe that the
substitutions more accurately represent the comments which I made at the
meeting.

1. VIMS is not a regulatory agency, but advises Virginia's regulatory
bodies on marine environmental matters.

2. VIMS will provide specific comments on the marine environmental
impacts of the proposal once specific plans are submitted. In general, the
comments would reflect the Wetlands Guidelines promulgated by VMRC,
addressing the justification for shoreline stabilization and minimization of
potential environmental impacts.

3. VIMS concurs with Maryland Department of Natural Resources comments
on the importance of the existing SAV beds to the marine environment and
would recommend that they be preserved.

4, VIMS concurs with VMRC observations that the shoreline consists
primarily of nonvegetated wetlands.

.

In addition, I would like to emphasize the high ecological value of the
existing SAV beds and their incompatibility with the type of marina facility
proposed. If I can be of further assistance on this project, please do not
hesitate to contact me.

Sincerely, /
dv&t /(7 /fz,v_ Uv/cwg/

Jialie G. Bradshaw
Marine Scientist

Gloucester Point, Virginia 23062 (804) 642-7000
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COMMONWEALTI of VIRGINIA

DEPARTMENT OF CONSERVATION AND RECREATION
DIVISION OF SOIL AND WATER CONSERVATION
Shoreline Programs
P.0O.Box 1024
Gloucester Point, Virginia 23062
(804} 642-7121

September 5, 1989

Mr. Kurt R. Thompson, P.E.
Dewberry and Davis

8401 Arlington Boulevard
Fairfax, Virginia 22031-4666

RE: SPS #90063
Dear Mr. Thompson:

On August 22, Ned Burger and I met with Oner Yucel at the site of the pro-
posed shoreline stabilization, waterfront park and marina project for the
Town of Quantico on the Potomac River. Maurice Foushee was also at the
meeting. The purpose of the site visit was to discuss the shorelins erosion
control measures required for the project.

The Shoreline Situation Report: Prince William County, Virginia provides no
historical erosion data for the area. The report does state that the major-
ity of the area is stable. The area of the proposed project is protected by
a concrete bulkhead. We make the following recommendations based on our
site visit and subsequent analysis of the problem:

1. The existing concrete bulkhead is beginning to fail. To protect
the bank from erosion, we recommend a properly designed and con-
structed riprap (large rock) structure. The structure should be
installed against the existing bulkhead. In the areas where the
structure has failed, the riprap should be placed against the bank
to minimize encroachment beyond the mean high water position. The
riprap should be constructed on a 2:1 (horizontal/vertical) slope
or flatter. A minimum of two layers of armor rock should be used.
Each armor rock should weigh a minimum of 300 pounds. The toe of
the riprap should be buried a minimum of 3 feet below the mean low
water elevation. An alternative to the buried toe is a riprap
apron. The apron consists of 2 layers of armor rock extending a
minimum of 6 feet onto the bottom, A layer of filte¥ cloth should
be used under and behind the riprap. The riprap should be extend-
ed inland or properly connected to neighboring structures to pre-
vent erosional flanking.
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Town of Quantico
Page 2
September 5, 1989

2. The undercut trees on the upriver end of the project should be cut
and the stumps removed. Tree removal should allow the riprap
structure to be placed against the eroding bank.

3. During the site visit, we discussed plans for the proposed marina
and breakwater. The presence of submerged aquatic vegetation may
limit the site’s suitability for marina development. If the Town
of Quantico decides to construct the marina, care should be taken
to minimize marina impacts on the submerged aquatic vegetation.

The above recommendations are made in my capacity as an advisory agent in
shoreline erosion control matters. The suggestions should not be considered
as binding you to any particular course of action as they are intended to
indicate what we think would be the best solution in terms of cost and ef-
fectiveness. Our examination of the site or this report does not constitute
pernission by the Commonwealth, or its agencies, to proceed with implementa-
tion of control measures. Permits from State and Federal agencies are gen-
erally required for shoreline modification.

You should also be aware that success in shoreline erosion control cannot be
guaranteed as there are many variables involved. 1In this regard, we suggest
care in selecting a contractor. Our comments concerning construction are
intended as guidelines developed from our experience in viewing structures
which have been successful or have failed.

If you decide to construct a control measure, an assessment of the impacts
of the project on the enviromment will be given by the regulatory agencies.
Our advice is given with the idea of reducing environmental impacts associ-
ated with our recommendations. Although this has been considered in our
recommendations, the permit reviewing agencies may desire additional infor-
mation or measures.

Services available through this office include: review of the permit ap-
plication; review of design and construction plans; and inspection of struc-
tures under construction when plans have been reviewed by this office. We
recommend that a copy of this report be attached to the permit application.

Please call me if you have questions or if I may be of further assistance.
Sincerely,

Cadllan 2 el

Carlton Lee Hill
Chief Engineer

smt

cc: Diana C. Dutton, Executive Director; Prince William SWCD ~
Deborah Cross, DSWC
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William Donald Schaefer Maryland Department of Natural Resources Torrey C. Brown, M.D.
Governor Secretary
Water Resources Administration
Tawes State Office Building Catherine P. Stevenson
Annapolis, Maryland 21401 Director

September 25, 1989

Kurt R. Thompson, P.E.
Dewberry and Davis

8402 Arlington Boulevard
Fairfax, VA 22031-4666

Re: 90-PL-0215
Town of Quantico

Dear Mr. Thompson:

Thank you for your letter of August 23, 1989 regarding the
site review for the above referenced project. In short, I concur
with the content of the meeting minutes which were forwarded to
this office.

I have reviewed the marina proposal with Mr. Charles
Wheeler, Program Director, in light of the Department’s policy as
related to the protection of existing and historical submerged
aquatic vegetation beds (SAV). The Department of Natural
Resources will review and enact the same policies and procedures
for marina and shoreline development projects along the Virginia
shoreline of the Potomac River as is done with all projects in
Maryland waters.

Therefore, based on site conditions and the existence of a
dense and diversified SAV bed at the project site, it is very
unlikely that the Department would provide a favorable
recommendation to the Maryland Board of Public Works for a
nearshore marina which involves dredging.

Options which the Department would view as favorable and
would result in a lesser degree of environmental damage are:

* Fix pier structures that would be elevated over the SAV
bed so that shading impacts are reduced. Along with
the mooring of boats outboard of the SAV bed.

* An elevated fishing pier with "T" head that is located
outboard of the SAV bed.

Telephone: _(301) 974-3871
DNR TTY for the Deaf: 301-974-3683

WATER RESGURCES ENGINEERING



I thank you for the opportunity to meet, review and comment
on this project at this early stage. If you have any questions
or need further assistance, please feel free to contact me.

Sincerely,

filan, pt

Doldon W. Moore, Jr.
Tidal Wetlands Division

DWM: ew
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APPENDIX 5

Coast and Geodetic Survey Inquiry and Tidal Data Sheet
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::: VIRGINIA - 27
U.S. DEPARTMENT OF COMMERCE |
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
NATIONAL OCEAN SURVEY
TIDAL BENCH MARKS -

Quantico, Potomac River
Lat. 38°31.2'; Long. 77°17.2"

BENCH MARK 1 (1928) is a standard disk, stamped "1,"
.set in the top of a concrete bulkhead on the scuth side
of the marine wharf, 9 feet west of the northeast corner
of a small toat basin, 4 feet from the inshore face of
the main outer dock, and 1 foot north of the edge of the
buikhead. Elevation: 6.00 feet above mean low water.

* BENCH MARK 2 (1928) is a standard disk, stamped "2,"
s2t on the top of the north retaining wall of a pier,
68 f=22t west of the northwest corner of a building on the
pier, and 55 fest northwest of a fire hydrant. Elevation:
6.07 feet above mean low water.:

BENCH MARX 3 (1928) is a standard disk; stamped "3,%
set in the top of a breakwater on the south side of Marine
Whari, about 45 feet southwest from the outer end of the
pier, and about midway between two large bitts. Elevation:
5.298 feet zbove mean low water.

BENCH MARK 4 (1932) is a standard triangulation
station disk, stamped "MARINE 1932 2," set in the top of
the east end of the north retaining wall of Marine Wharf,
13 feet west of the inside corner of the dock and pier,

-and 8 feet east of the northeast corner of the building.
Elevation: 6.00 feet above mean low water.

BENCH MARK 5 (1959) is a standard disk, stamped "NO '§
S," set flush in a concrete slab at the intersection of
cmac and Summers Avenues, 26 feat west of the centerline
Summars Avenue, and 3 feet west of the street corner
n for thz two avenuss. Elevation: 24.97 feet above
2 lod water.

BENCH IMARK & (1959) is a standard disk, stamped "NO 6 ~
1933," set flush in the top of the2 retaining wall at a
railway stztion, 17.5 feet west of the northwest corner of
the station building, and 12 feet east of tha center of
doublie tracks. Elevation: 33.89 feet above mean low water.
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Quantico, Potomac River avs .
DEWBERRY &
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BENCH MARK A 233 (1l941) is a standard disk, stamped
"A 233 194%1," set in the top of a concrete foundation at
“CAS, a field in front of a barracks at Semaphore 777, on .
the west side of the tracks. Elevation: 22.47 feet above
mean low water. . .

‘Mean low water at Quantico, Potomac River is based on
15 months of records, November 1970 through October 1972,
reduded to mean values., Elevations of other tids planes
referred to this datum/are as follows:
\d4i-Sq TosL Efoct -

a
=

0|
[{)]
ot

Mean high water
Mean tide .13V316_g,<,v1>

06 Lo 1qui-s9
Mean low:  water g { -

&~0.23 (1%0-27)

The estimated highest water level to the nsarest half
foot is ten feet above mean low water.. The estimated
lowsst water level to the nearest half foot is four and
on2-half feet bélow mean low water.
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APPENDIX 6

Tabulation of Field Measurements for Currents and
Water Quality on June 22, 1989
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APPENDIX 7

Predicted Tidal and Current Data at Quantico for June 1989




TIMES AND HEIBHTS OF HIGH AND LOW WATERS TRANSPOSED FROM WASHINGTON, DC

GUANTICO CREEK - STATIDN NO. 2309, 1989 TIDE TABLES, P.219
{DAYLIGHT SAVINGS TIMES)
TI#E DIFF HEIGHT

hr  ain FACTOR
HIEH WATER (-) 1 4 0.54
LOW WATER ({-) 1 59 0.47
DATE, DAY HASHINGTON, DC PREDICTIONS BUANTICO PREDICTIONS
TINE HEIGHT TINE HEIGHT
hr ain ft hr ain ft
&/1-TH 6 4 I.b 30 1.8
13 % .2 i 3 0.1
' 18 4! 2. 17 0 1.3
5/2-FR 1 0.2 AL a1
6 b 3.6 5 5 1.8
4 31 0.1 12 32 0.0
19 I8 2.9 8 34 1.3
4/3-5R 2 19 0.2 9 20 0.1
78 3.6 5 43 1.8
15 2 8.0 i3 2 0.0
20 30 2.9 9 2% 1.3
&/4-5U I3 0.2 1 14 0.1
g 39 3ed 7 35 1.8
16 ia 0.9 4 1 0.9
A 22 2.9 2 18 1.5
4/5-H0 i 7 0.2 2 8B 0.1
3 28 3.3 § 2 {.8
17 7 0.0 i3 8 0.0
22 15 2.9 A U 1.5
4/6-TU § 39 0.2 3 0 0.1
i0 18 3.4 9 14 1.7
17 % 0.9 15 83 0.0
23 8 2.8 22 4 1.4
5/7-HE 5 18 0.3 I B 0.1
i1 7 1.2 1 3 1.8
i8 0.1 16 4 0.0
- 2.8 70 1.4
5/8-TH & 39 0.4 O 0,2
i1 58 3.4 10 M 1.6
19 24 ¢.1 17 25 0.0
0 52 2.8 2 33 1.3
4/9-FR 7 U 0.3 .Y 0.2
12 5 2.9 it 50 1.3
20 b 0.2 18 7 0.1
6/10-54 1 48 1.8 0 M 1.4
8 22 0.3 b 3 0.2
13 03 2.8 12 89 1.4
20 49 0.3 i8 %0 0.1



TINES AND HEISHTS OF HIGH AND LOW WATERS TRANSFOSED FROM WASHINGTON, DC (Cont’'d)

DATE, DAY WASHINGTON, DC PREDICTIONS QUANTICO PREDICTIONS
TINE HEIGHT TINE HEIGHT
hr sin ft hr =in ft
6/11-54 2 & 2.8 1 3% 1.4
3 18 0.6 7 19 0.3
14 8 2.7 13 45 1.4
24 U 0.3 19 32 0.1
5/12-40 T N 2.9 2 30 1.5
10 13 0.6 B 14 0.3
15 49 2.6 14 45 1.3
22 13 0.4 20 16 0.2
&/13-TU § I 2.9 I 19 1.3
i1 4 0.6 9 12 0.3
16 47 2.6 15 & 1.3
2 %9 0.5 210 0.2
6/14-HE 3 10 3.0 4§ b 1.3
12 & 0.6 10 7 8.3
17 33 2.4 16 35 1.3
23 47 0.5 20 48 0.2
8/15-TH 3 52 3.1 4 48 1.6
3 1 0.4 i 2 0.3
18 29 2.6 17 25 1.3
5/16-FR 0 1 0.8 2 3 0.3
6 I3 3.2 5 2 1.6
13 5t 0.6 11 32 0.3
19 14 2.7 18 10 1.4
5/17-5A 1 2 0.4 23 23 0.3
7 10 3.3 8 b 1.7
4 9 0.5 12 §0 0.2
19 5% .7 18 352 1.4
5/18-5U 2 U 0.7 6 12 0.3
7 %% 3.4 6 82 1.7
15 23 0.3 11 2% 0.2
20 35 2.7 19 31 1.4
6/19-40 I 0 0.7 { 1 0.3
8 23 3.9 7 2 1.8
8 10 0.5 4 1 0.2
20U 2.8 2 7 1.4
6/20-TU K- ¥ 0.7 1 48 4.3
9 4 1.3 g 0 1.8
16 3§l 0.5 14 %2 0.2
3 1 2.9 20 47 1.3
5/21-KE 3 13 0.5 2 35 0.3
9 47 3.5 8 4 1.8
7 B 0.4 15 34 0.2
2 N 3.0 A B 1.3



TIMES AND HEIGHTS OF HIGH AND LOW WATERS TRANSPOSED FROM WASHINGTON, DC {Cont’d}

DATE, DAY WASHINGTON, DT PREDICTIONS JUANTICO PREDICTIONS
TIHE HEIGHT TINE HEIBHT

hr sin it hr min ft

b/22-TH 3 24 0.6 30285 0.3
0 32 3.3 9 8 i.8

18 13 0.4 6 14 0.2

20U 34 22 7 1.6

b/23-FR 6 13 0.8 4 14 0.3
i 20 .4 0 16 1.7

8 34 0.4 16 55 0.2

PATEEE ¢ 3.1 22 55 1.6

4/24-54 7 7 0.6 3 8 0.3
12 12 3.3 i 8 1.7

19 I8 0.3 7 0.1

6/23-5U 0 50 3.2 21 4 1.6
i 3.3 5 4 0.2

13 8 1.2 12 4 1.4

2 0 0.3 8 2% b

5/26-10 1 44 3.2 0 40 1.6
7 4 0.3 7 5 0.2

14 7 3.0 i3 5 {.3

2l 13 0.3 19 14 0.1

4/27-TY YRR ) 3.3 1 3 1.7
i 8 0.3 8 39 4.2

13 14 2.8 4 10 1.4

24 0.3 20 7 0.1

b/23-4E 34 3.3 2 4 1.7
11 14 0.4 9 13 0.2

16 20 2.7 15 14 1.4

I 05 0.2 V4 B 0.1

5/29-TH 4 8 3.3 o4 1.7
2 24 0.3 10 22 0.1

17 24 2.7 18 22 1.4

&/30-FR 0 & 0.2 22 7 ]
3 43 1.3 4 41 {.7

12 0.2 it 22 0.1

8 27 2.7 17 33 1.4



TINES AND VELOCITIES OF SLACK WATER AND MAXINUM CURREXNTS

TRANSPOSED FRON BALTINORE HARBOR APPROACH (OFF SANDY POINT)

QUANTICO - STATIOK XO. 5794, VIDAL CURRENT TABLES 1989, P.174

(DAYLIGHT SAVINGS TIMES)

TINE DIFF SPEED
hr ain RATIO
BIK BEFORE FLOOD (~) -1 1
FLOOD (-) 1 4 0.9
MIN BEFORE EB8B (-) 1 32 1
£38  {-) i1 9 1.1
DATE, DAY SAKOY POINT PREDICTIONS
TIKE VELOCITY
hr ain knots
&/16-FR 3 4 1.1
' 7 2% 0.0
10 M - 0.9
1 u 0.0
16 4% 0.3
18 55 0.0
A 0.5
6717-5A ¢ 28 0.0
- § 28 1.1
g8 & 0.0
11 31 1.0
15 33 0.0
7 33 9.3
19 4S 0.0
2 4 0.5
§/18-54 i 7 0.0
3 8 1.2
8 47 0.9
12 12 1.1
i 17 9.0
18 19 0.3
20 35 0.0
. i 31 0.3
§/19-10 1 48 0.0
: 3 8 1.2
T 7 0.0
12 53 1.4
16 56 0.0
19 i 0.4
A 0.0
6/20-T0 ’ 0 9 0.5,
1 3 0.0
b 32 1.1
10 % 0.0
13 32 1.4
17 3 0.0
1 g 0.4
7 13 0.0

QUANTICO PREDICTIONS
TIME
hr sin

2
3
9
13
13

17

20
23
3
b
10
1"
16
18
2t
0
]
7
11
13
17
19
2
0
4
7
i
4
12
19
23

42
54
33
30
42
23
43
3
24
34
22
39
29
13

3

13

L]
]

3
3
135

3
i3
b1
47
1]
4"

2
37
§2

0
38
28
u
23
37
39
i

VELOC]
tnots

ST PTPPPP NP PP O DO OO~
CHNONOD -~ CrOWOMNODOOroWo o OO

OQOKOF?OOOOMO"
' -
O S OMNODODOOCOCPRTONG O o



TINES AND VELOCITIES OF SLACK WATER AND HAXflUH CURRENTS

TRANSPOSED FRON BALTINORE HARSOR APPROACH (OFF SANDY POINT)

QUANTICO = STATION NO, 5796, TIDAL CURRENT TABLES 1939, P.174

NIX BEFORE FLOOD {-)
FLOOD {~)

HIN BEFORE EBB {-)
e (-)

DATE, DAY

4/21-XE

6/22-TH

4/23-FR

6/24-5A

6/23-50

(DAYLIGHT SAVINSS TINES)

TIKE DIFF SPEED
hr sin RATID
(-1 1
S | 0.9
1 32 1
B | 1.1

SAKDY POINT PREDICTIONS
TIAE VELOCITY
br ain knots
0 3%
3 2
8 15
10 4
M u
18 3
20 25
23 -]
1 45
{13
8 0
11 25
14 4
18 33
2 7
6 0
2 4
s 13
B &
12 5
15 28
19 2
28 53
0 37
I
b AU
L AERY
12 45
16 8
19
22 38
1 5
§ 42
7 B
10 3%
13 27
6 51
20 &
23 2%

.« o e @

O O
.« = .
WO -

OO ~Oo0 O
o e o e Py

« ® * e w ®» s a «
NMOWMOKEO OO VO VMO MNMOODOOOWLO

.

s & .

PO DO OO O DO O OO OOO OO O
-

00@00"0@0@000

QUANTICO PREDICTIONS
TIXNE
he ain

23
2
5
9

13

7

19

2
0
3
6
9

13

17

20

22
1
4
7

10

14

18

20

23
2
3
8

1

it

18

2
0
3
6
9

1

13

19

22

o
26
11
14

2

9
21
33
35
19
58
33
L1
39

3
28
32
19
2
33
19

8
49
25
3
27
37
13
L
38
34
23
33
42
32
tH
42
12
22

0.0'-
(-]

VELOCE

knots
0.6
0.0
1.0

=4
.
~ o

« ® o e
@ PO

O e O O

-
<

.

o - '?o?:)oo_o-—ooooo
o oo o

o-ooooou-.ooo'oooov—
.

-
O A O NMO WO OO o O WO -

OO
L] -
-

°¢°
0.8
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TIRES AND VELOCITIES OF SLACK WATER AND NAXINUM CURRENTS
TRANSPOSED FROM BALTINORE HARSOR APPROACH (OFF SANDY POINT)

QUAKTICO - STATION NO. 5794, TIDAL CURRENT TABLES 1989, P.174

{DAYLIGHT SAYINGS TINES)
TIKE DIFF SPEED

M sin RATIO
MIN BEFORE FLOOD (-) 0 3¢ i
FLOOD {-) ) S 0.9
HIX BEFODRE EBB {-) 1 3 ‘
EB8  (-) I | 1.4
DATE, DAY SAKDY POINT PREDICTIONS
TIXE VELOCITY
hr ain knots
4/26-40 2 97 0.0
s 50 0.6
8 59 0.0
i n 0.5 .
M 1\ 0.0
17 38 0.9
_ 0 9 60
§/21-14 - - ¢ 17 1.0
] 97 0.0
. 6 55 0.7
10 25 0.0
12 8 0.4
4 3 0.0
18 2 0.7
2A AU 0.0
6/28-NE i U 1.4
§ 35 0.0
B 2 0.8
11 47 0.0
13 @ 0.3
15 3¢ 0.0
19 18 0.7
2 19 0.0
$/29-TH 2 3 1.2
5 50 0.0
9 5 0.9
12 %% 0.0
14 5 0.3
16 5§ 0.0
20 17 0.7
23 0 0.0
8/30-FR 2 58 1.3
6 3 0.0
10 1 1.0
13 59 0.0
15 57 0.3
18 0 0.0
24 13 0.8
23 52 0.0

QUANTICO PREDICTIONS

TInE VELOCI
he sin tnots

1 23 0.0

3 44 0.7
B 3 0.0

F 10 35 0.5
12 39 0.0

E 15 29 0.7
P\ A A S
F 23 13 0.?
2 25 0.0

£ 5 & 0.8
? 3 0.0

f 13 0.4
13 27 0.0

E 17 18 0.8
20 30 0.0

f [ | 1.0
3 3 0.0

£ 6 33 0.9
10 $3 0.0

F 12 48 0.3
14 22 0.0

€ 18 9 0.8
21 16 0.0

F [ -1 1.1
4 18 0.0

£ 7 5% 1.0
12 3 0.0

F 13 50 0.3
15 23 0.0

E 19 8 0.8
22 b 0.0

F 1 1.2
5 1 0.0

E g8 52 1.1
13 S 0.0

F 14 83 0.3
16 28 0.0

E 20 ¢ 0.7
22 S8 0.0
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APPENDIX 8

Tabulation of Published Wind Speed Records at Quantico (1960-1978)
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PERCENT, FREQUENCY OF OCCURRENCE, HIND DIRECTIONS ¢S HIND SPEED

LOCATION: QUANTICO, VA [VA 13?7?360.133; FRON 600822 THROUGH ?761231; HO OF VALID OBSERVATIONS: 45202

NH  HHNH CALRM  TOTAL

N NHE NE EHE E ESE SE SSE S SSH SH  usH H WM

SPEED
fknotsd

SPEED SPEED

SPEED
n/sec] (ft/secl Crmphl

1
1
1
t

"OMWORTOINQOOQOOOQOLODOEQO
.0 LI B B | ¢ 8 1 1 1 3 3 0
RQQMGQQOOQOOQOQGQOOOO

15.6

mN
-
©EE292@000000AQQQE00R00A0
moucocoooccacoooonnaacao

QO\QQU’F‘NMNF‘OQQOQOQQDOOOQO
OQ""‘"‘"‘OOOOODOOOOQEDDQQQO

Q@MNWN!D“N"OOQOOOQDOOOOQQ
DNTN""OOOQOOOOOOODQDOOQQ
ONDMPOTNHNQOOORIOORAIRAQOQ

RN
ONNHQOQLUOOLELoORLOoORQROEODOD

OF‘NI\IDM"""OQOOOOOOOGDOQOOO
O""DQQOOOOQQQQOQOQQOQOQQ

DTWTMNQDDQDOQOQDODOOQODO
OQDQDDDQQQQOQOQDOQDQQOQQ

ommmrm"oooooocooaocooooo

s & 8 0 1 .
OOOQODOOOOOQOODOQD&DDOOO
Q\DMF’OW"'QQQOOObOQQQQQOOQO
DO"'"QOQOOQQQOOOOQDDQQOQO

GNNTU‘O"F‘OOQOQOQOQGQQGOGQ

'
Q"‘MM""‘QQQGQOQOOQQDQOOQQQ
ON&G:QOT“OOOOOOOOCOOOOOOO
CQO-MHMOODOOOLI00QQO0QQ00O0Q

QWN':‘O.Q":DQOOOQ'OO.D'QOQQOOOO
O0~N~“O00QCO00O0OD00000OOO0O0OONOD

G(ﬂﬁ-lﬂﬂ"‘ODOOOQOQQQQQOOOQGQ
DQOOOOQQGQQOOOQQQDDO@QOO

va‘h—ﬂ"OQQQOQQQQQQQODQQDO
QQDOOQOQOOOOQOOOQQOQOOQD

cmn-n-mwﬂooooooooocooooooo
aaoaooocoaooooodaocoaaao

QMNONT“QOQOOOQQQOOOOODOQ
QQQOGQQQQOQQOQODQDQQOQQO
QMOBFFOTNOQOQOQOQO00000Q00Q0OQ
N NN ]
Q0000000000000 0ROO00OOQDOO0

QT"M"DT"‘F‘OQQQQQQQOODQOQO
OD!‘F‘"@QOOOOOOQDGQOOOOOOD

:O@O@NFO@WTTMMNN*QOO\OQMQ
.

u:—'mmhm-‘mmn-a-- WI\U‘I“F)II)!DQOQO
M AN NNINDOODT DO

EMOD-TRONNDR~MOONNMEMOOTO
. y N T e e e
EMOOMOOINOEPANY D PN ONNNE T

TNNNAAMTTTOINODOOD R

4 8.9 13.6 8.6 15.6

1.8

5.3 2.9 3.1 2.5 2.8

TOTALS

1.9 3.7 6.4 12.2 4.6 2.2

3.55 3.491 3.16 2.956 2.449 2.58 2.76 2.79 2.87 2.8 3.05 2.67 2.5 2.78 2.96 3.63 0.00

RUERAGE SPEED
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APPENDIX 9

Shallow Water Wave Forecasts
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APPENDIX 9

SHALLOW WATER WAVE FORECASTING

As it is often the case, there is a lack of site-specific data
on waves for the immediate vicinity of Quantico. Furthermore,
there is no theoretical or empirical development that can be
readily applied to a particular project site for determining the
appropriate design characteristics of wind—-generated waves. The
interim method recommended by the U.S. Corps of Engineers uses
the representative average values of the wind speed and water
depth evaluated over a specified fetch to calculate the design
values of the wave height, period and duration, defined by the
following dimensionless equations [Shore Protection Manual, Egs.
(3-28b}), (3-39), (3-40) and (3-41)1]:

m
~~—
[
—
~

[+ 9

>l

0.00565 33
/4 Ul
= (0,283 tanh [0.530 35 ]tanh %
Ua tanh |0.530 5%
UA )

0.0379 (

3/8
& . 7.54 tanh }0.833 §% tanh
UA tanh [0.833

>l

Ya

>R

/3
B . 5.37 x 10? (&2
A A

where: H = design wave height [ft]
T = design wave period [sec]
t .= minimum effective wind duration [minutes]
F = fetch length [ft]
d = average water depth [ft]
qA = adjusted wind speed [ft/sec]
and, Ua, = 0.58%9 % U~1.234, fU and Ua in miles/hour]
with U = standard wind speed at 10—meter slevation

.



By S A oy uE By aE Ey N .

After evaluating the design wave characteristics based on an
appropriate number of alternative F, d and U values for the site,
the above equations can be used to estimate H, T and t. Also
avalilable are time—saver charts based on these equations each
developed -for a constant water depth. The chart for the average
depth of d = 20.0 ft is reproduced in Figure 9.1.

Many complexities are ordinarily involved in the process of
generation of waves by surface winds of varying effectivenesss
over a number of fetches with varying depths and shoaling
characteristics. In order to evaluate the sensitivity of the
design wave characteristics to the variations in the three
design parameters, a series of calculations were performed. The
results are presented in Table 9.1, and summarized typically in
Figures 9.2 and 9.3 to illustrate the sensitivity of the design
wave height to the design parameters. Apparently, the effects
of the applicable fetch lengths and average water depths along
these fetches are relatively small, and remain in the order of
0.3 ft for the maximum ranges of both parameters. For the range
of 25 mph to 50 mph applied to the effective wind speed, on the
other hand, the variation of the design wave height would range
from 1.0 ft to 1.5 ft for varying fetch lengths and average
water depths.

These sensitivity evaluations, supported by the various historic
data and indications, suggest that a generally valid design wave
should probably have a significant wave height of H = 4,0 ft, a
significant period of T = 4.0 sec, and should correspond to an
effective wave-generating wind lasting no more tham 1-1/4 hours.
These values would be used as a guideline, only, and may need
further adjustments depending on the structure to be designed or
the environmental process to be taken into consideration. These
additional considerations will include the effects of extreme
tide and flood elevations, uprush of waves along the face of a
sloping structure, and acceptable levels of risk for overtopping
of the various types of structures involved in the project.



TABLE 9.1

SHALLON-WATER WAVE FORECASTING [SHORE PROTECTION MANUAL, £05. {3-39, 3-40), P. 3-33]

Eq. (3-39): HL = {gH/U”2) = 0.283 ¢ tanh AL ¥ tanh (B1 / tanh Al]

Eq. {3-40): TL = (gT/U}

with;

where:

= 7,540 ¢ tanh A2 & tanh [B2 / tanh A2}

Hi=(gH/U*2), Ti= gT/l, d1=gd/Ur2, Fl=gF/Us2
AL=(0.530) (d1)*(3/4), B1=(0.00565)(F1)*(1/2)
A2=(0.833)(41)*(3/8), B2=(0.03790)(F1)*(1/3)

H = Design Value of "Shallow-Water" Wave Height [feet]
T = Design Value of *Shallow-Nater® Wave Peried [sec]
F = Length of Unobstructed Fetch (miles]

U = Effective Wind Speed [miles/hour)

d = Average Water Depth Along the Fetch [feet]

This program calculates:

A. the simple average depth of water along a given fetch F, and

8. the design wave height H, and design wave period T, using the above equations,
the cosputed average depth d, and a given fastest-speed wind velocity U

QUANTICO - FIRST APPROXINATIONS FOR DESIGN WAVE CHARACTERISTICS

Y é 'y

tAverageiFetch } Nin

*

L A *

d i i i i i : i i : |
+ Depth | iSpeed i d1 ¢ FL i AL i Bl ¢ WL OV OH ¢ A2 VP oB2ITL LT
i (ft} IF {ai)iU(aph)! ; ! ] : : ! ' ' ! H
{200 112,40 35,0 ¢ 0.24 1B.0E+02 | 0,18 ) 0,16 1 0,04 % 3.0 1 0.49 1 0,351 2,231 3.5 ¢
V20,0 12,8 0 40.0 ¢ 0,19 16.1E402 1 0.15 1 0,14 1 0,03 % 3.3 0.44 % 0321 2,040 3.7
P 20,0 3 12,40 45,0 1 0,15 14.8E402 1 0.43 1 0,12 1 0,03 % 3.6 4 0.4 10,30 1.88¢ 3.9
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P25.0 112,40 40.0 1 0.23 i6.0E402 1 0.18 %1 0.14 1 0,03 ¢ 351 0.48 0,321 2.08% 3.8
{25,000 12,40 10,451 0,121 0,030 3.9 04410300 1,931 3.9

45,0 | 0.18 14.8E402

t
+
+

4 3
+ * \§



QUANTICO - ADDITIONAL CALCULATIONS FOR DESIGN WAVE CHARACTERISTICS
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APPENDIX 10

Summary of Relevant Tidal Gage Records

e R S AT i

L



we ‘ . ! -/\~ ' PR . Ll
S . \v\; Montgomery County \' . S o R .

ey S / S N\/ ,'9‘-.(—“4'\

e e, !

i - g
} A 7
[ TN i
VAR W

//

4 .

J_
%

PN B AN

&

g ~N - Q 2
TR L T e /7 E
=. S Yy Siz
I \. i ;ﬁg
/. b
L GiE
l . N, .
' N\ L& 2
‘ N o §
{ h |../ \;3
l i
|

N

)
POTOMAC RIVER ESTUARY
PLACE NAMES

* NOS TioF Gage Tratons
(Peeria 13 857 R D, 862 FR YA)

o Seals £ 1:500,000
$ o 5
1] 2 3 10 Kidgrnetery
. S o e o

[=— = sam — S— |

Numbared lines in:Potomac estuary
representinautical river miles)from the
mouth as measured along the channel.

q

is.



. ) DATUM REFERENCE
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Station number -

-

Dates Datbm(s) applies to;

From: .__;E.:.‘mg__lﬂ_'__ To:

O AV 1971

Subtract |t  feet to refer values to Mhiuw .
Subtract 208 feet to refer values to Mmhw/ .
Subtract |.6© feet to refer values to NGVD.

{f
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NATIONAL OCEAN SURVEY PGTOMAC RIVER DATA ON WATER ELEVATIONS

Water Elevations, [ft, NGVD)

NOS RIVER

SILE NOS STATION TIME SPAN NHuW 1-Mo,  2-Me,  1-¥r.  2-¥Yr. 10-Yr,  Record, Date
7 8577940 Cornfield Harbor, MD  11/70-02/72 1.13 2.20 2.50 - - XY 10/01/71
8 8635750 Lewisetta, VA X 1974 on 1.10 1.90 2.15 2,90 3.00 3.25 1.3 03/19/83 -
16 8578240 Piney Point, MD 1960-1976  1.08 1.85 2.10 2.73 2.95 3.65  4.04 03/08/62
38 8635150 Celonial Beach, VA 1972 on 1.45 2.40 2,65 3.25 3.50 §,00 3.97 09/06/79
53 8578749 Port Tabacco, MD 11/70-10/72 1,10 2.30 2,30 - - - 337 012

81 8574858 Aquia Lreek, VA 11/70-09/72  1.13 2.30 2.43 -- - - 523 1270

68 8574489 Quantico, VA 11/70-10/72  1.18 2,30 2.60 -~ - - 3.37 06/22/N1
1L 8579381 Indian Head, MD 10/70-10/72 1.9 2,35 2.75 -- -- - 3.51 04/72

82 8579429 Marshall Hall, MD 10/70-10/72 1,49 2,75 3.20 - - -~ 3.83 04/72

N 8634214 Alexandria, VA 05/74-07/75 1.01 3.15 3.20 - - -~ b.62 1274

95 B594900 Washington, DC 1931 on 2.09 2.09 3.00 3.90 4.30 5.60 10.44 10/117/W7

be



ANNUAL HIGH WATER LEVELS AT NOS POTOMAC RIVER GAGES (LONG RECORDS) [ft, NBVD]

5ta ¥ 8594900

Sta # 8635150

Sta ¥ 8635750

Sta ¥ 8578240

Sta & 8634487

Year  Washington, DE  Colonial Beach  Lewisetta, VA Pingy Point, M)  Ouantico, VA
1960 4,04 02/18 2.84 07/30

1964 4,44 10/29 3.04 10/24

1962 5.34 03/08 4,04 03/08

1963 3.64 09/06

1964 4.04 03/03

1963 4.34 02/25 2,24 0b/16

1956 4.2 09/14

1967 3.94 05/28 3.44 05/26

1968 4,19 03/28

1969 3.94 11702 2.84 t1/02

1970 §.44 04/02 3.94 11/03

1971 4.34 10/2% 3.31 10702
1972 7.04 06/24 3.24 06/21 3.37 06/22
1973 4.32 04/27 3.22 10/29 2.64 04/18

1974 6.89 12701 3.26 12/--

1975 5.61 09/27 3.23 09/01 2,98 11/08

1978 8.25 01702 2,46 08/01

1977 8.3 12/20 3.50 09/26 3.09 12721

1978 3.64 01/26 3.48 0427

1979 6,356 02/26 4,07 09/06 2,99 09/06

1980 4.14 01/18 3.44 01/17 2.92 10/35

1981 3.82 11/16 3.27 11/16 2,74 1lile

1982 4,44 0b/13 3.36 10/10 3.03 10/25

1983 4.84 03/19 3.93 03/19 3.34 03/19

1984 5.12 02/14 3.94 03/29 3710 03/28

1985 7.533 11704 3.92 1101 2,93 11705

1986 4,94 12/02 3.88 12102 3.00 12/02

1987 4.65 10/17 3.82 04/17 2,87 09/20

1988 4.22 04714 3.49 04/13 3.17 04/13

MW e -0.68 10/78 -0.21 10/78 -0.17 10/78 -0.34 10/78 -0.19 10778
NHW : 2.09 1.45 1,10 1.18 1.18



EXTREME WASHINGTON, DC, FLOODS IN OTHER POTOMAC RIVER GAGE RECORDS ([ft, NGVD]

June 1972 (Agnes) :

8.04 at Washington, DC, on 06/24/72
3.83 at Marshall Hall

3.91 at Indian Head

3.37 at Quantice on 06/22/72

Deceaber 1974 :

...............

6.89 at Washington, DC, on 12/01/74
4.62 at Alexandria

. February 1979 :

6.36 at Washington, DC, on 02/26/79
2.88 at lewisetta

Noveaber 1985 (Juan} :

7.53 at Washington, DC, on 11/04/85

5th highest in record

3.28 at Aquia Creek

3.37 at Riverside

3.24 at Piney Point on 04/21/72

8th highest in record

2.81 at Colonial Beach on 12/14/7%
2,34 at Piney Point on 12/16/74
3.25 at Lewisetta

9th highest in record

4th highest in record

{also 7.25 at Washington, OC, on 11/07/83]

3.92 at Colonial Beach on 11/01/83

March 1962 @
4,04 at Piney Point on 03/08/62
5.34 at Washington, DC

Septeaber 1979 :
4,07 at Colonial Beach 03/08/62
5,56 at Washington, DC
2.99 at Lewisetta

Harch 1983 :
3.34 at Lewisetta
4,84 at Washington, DC
3.93 at Colonial Beach

2.93 at Lewisetta on 11/05/85

Highest over 13 years
4-Yr flood elevation

Highest over 13 years
5-Yr flood elevation
2-Yr flood elevation

Highest over 14 years
3-Yr flood elevation
7-Yr flood elevation



FLOOD WATER LEVELS OF REGIONAL SIGNIFICANCE {ft, NGVD]:

11.3

10.44

7.9

7.0

[ IR
]
~d

Projected 100-Year Flood Water Elevation at Washingtan, OC

Highest Recorded Water Elevation at Washington, DC, 1931-1988

Projected 100-Year Flood Water flevation, Guantico, VA, FEMA Study

Tentative Wall Elevation for Marina Perimeter Structure [Breskwater)

Highest Recorded Flood Water Elevation, Colonial Beach, VA, 1972-1988
Projected Annual High Flood Yater Elevation, Quantico, VA
[Highest Recorded Flood Water Elevatian, 1972-1977]

Mean High Water Level, Quantico, VA, 1960-1978 Tidal Epoch

National Geodetic Vertical Datus [NGVD]
fean Low Water Level, Quantico, VA, 1960-1%978 Tidal Epoch

Y]
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APPENDIX 11
(A through H)

Historical Maps Depicting Topographic, Hydrographic and
Boundary Features from 1903 to 1975




U. S. COAST AND GEODETIC SURVEY
TOPOGRAPHIC MAP
No. T-5763

MARYLAND —VIRGINIA
POTOMAC RIVER

NEABSCO CREEK — QUANTICO

SCALE 1:10,000
{1 inch=833.33 1)

This Map, Without Contours, Was Compiled From
Alr Photographs Taken June 29, October 25, 1938,
And April 23, 1939, And Supplemented By Other
Surveys To May 15, 1940

- UANTICOI“.."‘. /’rnuu /7 | sHiIP
e CREEK ,l AN Trner oo\ g ure
4 3 e":.(

:.{ ”une

)
-
oo

\ g o
» C)
-

& ’,.0 [
2, < .
>

Voo OQ

Mari . 1932

WY A2
Veeven ‘S Beil, 1939

POINTS ISTANCE
- A2 2,2507
P80400 C2BOND Al - Az 74 o ’
Bl - B2 820’.
SN CclL - C2 670
~ =0 %ff
[ 4 see,, '“.. :
opy ,;' A

" Bousdary Momumers No. 43, 1929

APPENDIX 11A - U.S. Coast And Geodetic Survey
Topographic Map (1938-1940)

»:



NATIONAL OCEAN SURVEY
-A. L. POWELL, Director
HYDROGRAPHIC SURVEY No. 9322

VIRGINIA - MARYLAND
PCTOMAC RIVER
VICINITY OF QUANTICO

Date of Survey . . . May=~October,i972
Scole. . ... ....... i : 10.000
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APPENDIX 11B -~ National Ocean Survey
Hydrographic Map (1972)



DEPARTMENT OF COMMERCE AND LABOR
COAST AND CEOLETIC SURVEY
" 0. H. Tittmann, Superinwndent.

POTOMAC RIVER

AQUIA CREEK TO MATTAWOMAN CREEK

MD. AND VA.
Planelable Survey by S.Forney Aset. Chief uf Partr
. 1903~1904

Scale 20800
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APPENDIX 11C - U.S. Coast And Geodetic Survey
Topographic Map (1903-1904)
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QUANTICO, VA.—MD.

SE/4 GUANTICO 15° QUADRANGLE
38077-E3-T8-024

1966
PHOTOREVISED 1983
BATHYMETRY ADDED 1982
DMA 5561 Ill SE~SERIES V834

SCALE 1:24000
o

1 MiLE

1000 0 1000 2000 Jooo 4000 5000 6000 7000 FEET

)
1 5 Q 1 RILOMETER
[==m e = = -

CONTOUR INTERVAL 10 FEET
NATIONAL GEODETIC VERTICAL DATUM OF 1929
BATHYMETRIC CONTOUR INTERVAL 1 METER
WITH SUPPLEMENTARY 0.5 METER CONTOURS
DATUM IS MEAN LOW WATER
THE RELATIONSHIP SBETWEEM THE TWO DATUNS IS VARIABLE
THE MEAN RANGE OF TIDE 1S APPROXIMATELY 0.4 METER

Mapped By The Defense Mapping Agency

Edited And Published By The Geological Survey
And The National Ocean Service In Cooperation
With Commonwealth Of Virginia Agencies
Control By NOS/NOAA, And USCE

8

APPENDIX 11G ~ U.S. Geological Survey Topographical And
Bathymetric Map (1966, 1982, And 1983)
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APPENDIX 12

Nontidal Wetland Data Form



DATA FORM
ROUTINE ONSITE DETERMINATION METHOD1
Field lnvostlgator(s) Mark Haus : Date: ___7/20/89
PN] Potomac Riverfront Park State: VA Cou unty: Prince William Co.
Appucmmwnar Town of Quantico Plant Community #/Name: ___Area 1 (W-1)

Note: ¥ a more detailed site description is necessary. use the back of data form or a fielkd notebook.

Do normal environmental conditions exist at the plant communty?

Yes _ X No (# no, explain on back)

Has the vegatation, soits, and/or hydrology been significantly disturbed?
Yes __ No __X _ (lf yes, explain on back) :

il

. VEGETATION
Indicator Indicator

Dominant Plant Species Status  Stratum Dominant Plant Species Status  Stratum

1. __Red Oak FACU-~ T 11. —Grape Sp. : FAC-FACU__ V
o __White Oak _FACU- T 12,

3. _FPoison lvy FAC v 13.

4, . Virginia Creeper FACU v 14,

5. Jewelweed FACW H 15.

g, _ Lizard's Tail OBL H 16.

7. __Bracken Fern FACU H 17.

8. Silky Dogwood FACW S 18.

g, __Black Cherry FACU S 19.
10. Southern Arrowood FAC S 20.

Percent of dominart species that are OBL, FACW, and/or FAG 50%
:;E:nhydmphw'com?t?}gncﬁgg'r‘lggt“s‘ege ¥§:uI§at1ye° and/or wetter

SOILS

Seﬁeslphase: Dumfries and Mattapex* ! Subgroup:z
1s the soil on the hydric sails list? Yes No_X _ Undetermined __
Is the soif a Histosol? Yes _____ No__X__Histic epipedon prasem? Yas Nao _ X

Is the soil: Mottied? Yes X No_____ _____Gleyed? Yes

Matrix Color: —5Y3/1 10YRG/7 Mottle Colors: 10YR47
Other hydric sail indicators:

is the hydric soil criterion met? Yes _ X No

Raticnale: Chroma of 2 with mottles and less than 2 without mottles

HYDROLOGY

is the ground surface inundated? Yes No _X__ Surface watar depth:
is the soil saturated? Yes X No "
Depth to free-standing water in pit/soil probe hale; 10 _to 12

List other field evidence of surface inundation or soil saturation.

is the wetland hydrology critarion met? Yes __X No
Rationale: Saturated Soils -

JURISDICTIONAL DETERMINATION AND RATIONALE
Is the plant community a wetland? Yes _X No

Rationale for jurisdictionai decision:
All three parameters present

! This data form can be used for the Hydric Soil Assessment Procecure and the Plant Commumty

Assessment Procedure,
2 Classification according to “Soil Taxonamy.”

* : R . .
Based on phone conversation with Prince William County SCS




DATA FORM
ROUTINE ONSITE DETERMINATION METHOD!
Field Investigator(s); ___lark Haus Date: 7/20/89
Project/Site; Potomac Riverfront Park State: VA County: _Prince William Co.
or: . Lown of OQuantico Plant Community #Name: Area 2 (W-2

Applicant/Own
Nota: hmoredetaﬂeds:tadosalpuonunecessaty.usemobad(ofdaﬂfom or a field notebook.,

Do normal environmental canditions exist at the plant community?

Yes __ X _No_____(if no, axplain on back)
. Has the vegetation, soils, and/or hydrology been significantly disturbed?
Yes ___ No_X _(lf yes, explain on back)
VEGETATION
Indicator Indicator

Dominant Plant Species Status  Stratum Dominant Plant Species Status  Stratum
1, . Jewelweed FACW H 1. _Common Greenbriar FAC v
2, Tulip Tree . FACU T 12, _False Nettile FACW+ H
3, __Red Oak FACU- _ T 13. =

4, __Virginia Creeper FACU v 14,
5. . Sumac UPL S 15.

6. . Black Cherry FACU S 16.
7. __Red Maple FAC S 17.
8. __Japanese Honeysuckle FAC- v 18.
9. Poison Ivy FAC \'d 19. hd

10, _Sassafras FACU I 20.

Percent of dominant species that are OBL, FACW, and/ar FAC 50%

Is the hydrophyuc vegetation criterion met? Yes_ X No

Rationale: 50% of dominants are facultative or werter

SOILS
Saries/phase: Dumfries and Mattapex”™ s,_,bgmup;z

{3 the sail on the hydric soils list?  Yes No_X _  Undetermined

13 the soil a Histosol? Yes No __X Histic epipedon presant? Yes No _X

Is the soil: Mottled? Yes__ = No__X _Gleyed? Yes No

Matrix Color; —.2:5Y5/4 Mattle Colors:
 Other hydric sail indicatars:

{3 the hydric soil criterion met? Yes No _ X

Rationale: ___Matrix Chroma

HYDROLOGY

Is the ground surface inundated? Yes No __ X _ Surface water depth:
is the soil saturated? Yes No _X

Depth to free-standing water in pit/soil probe hole; ___Well-drained
List other field evidencs of surface inundation or soil saturation.

is the wetland hydrology criterion met? Yes No_X
Rationale; Well-drained, upland area

JURISDICTIONAL DETERMINATION AND RATIONALE :

Is the plant community a wetland? Yes No X
Rationale for jurisdictional decision: Hyd¥ic soils and wetland hydrology not present

1 This data form can be used for the Hydric Soil Assessment Procedure and the Plant Commumty

Assessment Procedurse.
2 Classification according to “Seil Taxonomy.”

*
Based on conversation with Prince William County SCS

AL Ll e e . - :
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DATA FORM
_ ROUTINE ONSITE DETERMINATION METHOD!
Field lnvcstlgator(s)P Mark Haus Date: 7/20/89
Project/Site Totomac Riverfront Park State: VA County: Prince William Co,
ar: _Lown of Quantico Plant Community #/Name: Area 3 (W-3)

Applicant/Own
Note: ¥ 2 more detailed site description is necessary, use the back of data form or a field notebook.

Do normal snvironmentai conditions exist at the plant community?
Yos _X No___ (I no, explain on back)

* Has the veg vegetation, tion, soils, and/or hydrology been significantly disturbed?

Yes No _ X (lf yas, explain on back)

s e o . ———— A - - . - — e A ———

VEGETATION

Indicator Indicator

Dominant Plant Species Status  Stratum Oominant Plant Species Status  Stratum
4. _ Black Willow FACY T § . 11. —..Silky Dogwood FACW 5
2, Button Bush OBL __S 12. Sweetflag QBL H
3. Pickeral Weed OBL H 13.

4, Grape Sp. FAC~FACW__V 14.

s. Jewelweed FACW H 1S.

6. False Nettle FACW+ H 16.

7. Goldenrod Sp. OBL~FACU _H 17.

8, _Sycamore FACW- S 18.

9. Silver Maple FACW I 19.

10. Cattail OBL,_ H 20.

Percent of dominant species that are OBL, FACW, and/or FAC 100%

Is the hydrophytic vegetation criterion met? Yes__ x No
Rationale: —2 50% of dominants are facultative or wetter

SOILS
Series/phase: Dumfries and Matt:apex* Subgroup:z
is the sail on the hydric soils list? Yes No_ X Undstemmined
Is the soil & Histosol? Yas No __X Histic epipedon present? Yes No__X
Is the soil: Mottled? Yes_X  No Gleyed? Yes No_ X
Matrix Color: Z.5YR3/D Mottle Calors:
Other hydric soil indicators:

Is the hydric soil criterion met? Yes __ X No___
Rationale: Matrix chroma of zero

HYDROLOGY
['_"

Is the ground surface inundated? Yes __X No Surface water depth:
fs the soil saturated? Yes _ X No

Depth to free-standing water in pit/soil probe hole:
List other field evidenca of surface inundation or soil saturation.

fs the wetland hydralogy criterion met? Yes _ X  No
Rationale: Saturated conditions_subiect Lo periodic flooding

JURISDICTIONAL DETERMINATION AND RATIONALE
1s the plant communily a wetland? Yes _ X No

Ratianale for jurisdictional decision: __All three parameters present

! This data form can be used for the Hydric Soil Assessment Procedure and the Plant Community

Assessment Procedure. .
2 Classification according to "Soil Taxonomy.”

*Based on phone conversation with Prince William County SCS




DATA FORM
ROUTINE ONSITE DETERMINATION METHOD1
Field Investigator(s): Mark Hays Date: __7/20/89
ij /Site: Potomac Rlverfront Park State: VA County: Prince William Co.
Applicant/Owner: —LoWn_of Quantico Plant Community #Name: Area & (W-4)

Note: ¥ a more detailed site description is necessary, uss the back of data form or a fieid notebook.

A WD GE AR T A G BE W G G @ D G D WD D T G M B G e e A - —— ———— — o — ———— —— - - ai.

Do normal environmental conditions exist at the plant community?
Yes _X No (¥ no, axplain on back)
Has the vegetation, sgils, and/or hydrology been significantly disturbed?

Yes__ X No (it yes, explain on back)
i VEGETATION
Indicator Indicator
Dominant Plant Species Status  Stratum Dominant Plant Species Status  Stratum
4. _Red Oak FACU- T 11. Rose Sp. OBL-FACU __S
9. _ Jewelweed FACW H 12. Siippery Elm FAC T
3, _Red Maple FAC S 13. '
4. _Silver Maple FACW = 8 14,
5. Silky Dogwood FACW S 18.
¢. _Catalpa FAC I 16.
7. _Honeysuckile FAC- \J 17.
g, _Black Cherry FACU S___ 18.
g, _Black Locust FACU- T 19.
10, _Sycamore FACW- T 20.
Percant of dominant species that are OBL, FACW, and/or FAC 73%

Is the hydrophytic vegetation criterion met? Yes _X No
Rationale; —2>.50% of dominants are facultative and wetter

. SOILS
Seres/phase; — Fill Subgroup:2
Is the 3oil on the hydric soils list?  Yes No_ X Undetermined

Is the sail a Histosol? Yes No _X _Histic epipedon present? Yes No _x
Is the soil: Mottled? Yes No ‘Gleyed? Yes No

Matrix Calor; ~Eill material - vagied ___ Matte Colors:
Other hydric sail indicators:
Is the hydric sail criterionmet? Yes_____ No_ X _

Rationale: Area composed of £i11 material

HYDROLOGY

Is the ground surface inundated? Yes No_ X Surface water depth:
Is the soil saturated? Yes . No_X

Deapth to free-standing water in pit/soil probe hole:
List other field svidance of surface inundation or soil saturation.
Well defined channel

ts the wetland hydrology crtarion met? Yes _X No
Rationale: Well-drained swale that periodically floods

JURISDICTIONAL DETERMINATION AND RATIONALE

Is the plant community a wetland? Yes _X No
Rationala for jurisdictional decision: Facultative or wetter vegetation exist and hydrology igs

present (even though fill did pot exhibir usual hvdric characteristics)

! This data form can be used for the Hydric Soil Assessment Procedure and the Plant Community

Assassment Procadure.
2 Classification accarding to *Sail Taxonomy.”
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APPENDIX 13

Laboratory Analysis Data Sheet on Composite Sediment Sample




DATA SUMMARY SHEET

Report No: 8679 Date: 08/21/89
Client: Town of Quantico Coll: 06/21/89
c/o Dewberry & Davis Recv: 06/22/89
Attn: Mark Headly
W.0. No. 05661-P2874-ENG
Sample Description: Soil (Composite) - 12774
Sample Source: Statiomns 1,2,3,4,5 - Quantico Bay
Parameter Résults

Arsenic, mg/kg
Barium, mg/kg
Cadmium, mg/kg
Chromium, mg/kg
Lead, mg/kg
Mercury, mg/kg
Selenium, mg/kg
Silver, mg/kg

<0.5

NOTES:
1. Results expressed in ppm (mg/kg) dry weight.

2. Samples were dried and composited by weight.

3. Sample digestion was performed using EPA Method 3010.

4. Analysis was performed using atomic absorption

(Flame spectroscopy).

Dewberry & Davis
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APPENDIX 14

Gradation Analysis Results on Sediment Samples from Samples No. 3, 5A, and 5B



Quantico

Sample: 5-3
Sieve

2 in

1 in*

3/4 in 100.0
3/8 in 88.0*
No 4 85.1
No .10 82.3
No 20 76.4
No 40 60.8
No 80 44.3
No 100 29.3
No 200 23.4
Liquid Limit 28
Plastic Limit 18

Plasticity Index 10

Classification sC

¥ All Shells

162}

% Passing

100.
81.
69.
50.
37.
30.

21.

NP

GP

-5A

0
5

g-

11-89

S-5B

100.

87.
77.

48.
39.
31.
16.

NP

GP

[« I V)
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APPENDIX 15

ADDITIONAL ENGINEERING CONSIDERATIONS AND ANALYSES

15.A. PUBLIC RIVERFRONT PARK FACILITIES

Conceptual Site Features

The upland portion af riverfront park area is easily aceessable
from west by way of the River Road (Exhibit 2). A short spur from
River Road preferably along the Town's property line with the
Naval Hospital in the north would provide the additional access
required for both vehicular and better pedestrian access to the
shoreline and the docking facilities.

The surface of the spur road could be paved or simply stabilized,
but will have an open section in either case. This spur will take
approximately 5,000 sgq—ft of the park area including a 40-ft wide
turn—-around provided at the road’'s end where a boat ramp can be

‘constructed at the shoreline.

For off-street parking purposes, a strip of land exists on three
parcels of Town property along the westernmn side of the River Road
with a total length of at least S20 ft that appears to have no
potential of grading problem for a minimum 20-ft wide parking
area. This implies a minimum of (520 ft)/(9 ft) => 57 spaces for
standard parking oriented perpendicular to the road. A 10-ft wide
strip along the eastern side of River Road, on the other hand,
would provide a minimum of (500 ft)/ (18 ft) => 27 spaces. Thus, a
total of 37+27 => 84 parking spaces are available for the marina,
with additional area available for trailers.

Because there are no specific regulations in effect by either the
Town of Quantico or by Prince William County regarding parking
requirements for marina facilities, it was decided to apply the
widely acceptable criteria of one off-street parking space with
minimum dimensions of 9 ft x 18 ft for every two slips proposed
for the marina. Thus, the minimum 84 parking spaces available
would allow for a minimum of 2x84 => 168 slips for the marina.

Preliminary Site Limitations

It appears from the preceding preliminary evaluations that no
site limitations or problems should be encountered in allocating
adequate parking in the upland portion of the park and providing
access spur to the shoreline under normal cicumstances.
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Furthermore, due to the absence of any wetlands vegetation in the
park area, these upland park area activities will not likely
produce any major adverse environmental impacts. Finally, no
special problems should be encountered in regards to additional
minor upland amenities, such as a concession stand, a restaurant,
a ships’ store and similar public facilities. Clearly, however,
the overall extent and likelihood of these "amenity" facilities
is closely related to the degree of realization achievable for
the proposed marina facilities on the "water" side of the
project.

Preliminary Cost Estimates:

Considering only the improvements related to parking spaces and
the spur access road, the following gross estimates can be made:

84 parking spaces, B84x9? ' x18°
Spur access road, 250" x20°
Shoreline turn—around, 40 x40’

13,608 sg-ft
5,000 sg-ft
1,600 sg-ft

Gross total surface area 20,200 sq-ft

Using 20,000 sq-ft or less than 1/2 acres of paved area including
the spur access road and all parking, the upland park portion of
the proposed project activities will probably require nearly
(20,000 SF x %1.25/SF of surface =>) $25,000. A more detailed
account of this and other conceivable "upland facilities"” aspects
of the project would be part of the future planning, engineering
and costing studies.

15.B. MARINA FACILITIES
Boat Distribution Characteristics

An evaluation of the current boating trends in the region is an
important step in planning of marina facilities. Such an
evaluation was performed using a computerized data base for

the Potomac Estuary, and other data gathered for various marinas
in Virginia and Maryland. A graphic presentation of these boat
distribution data are given in Figures 15.1 and 15.2.

Also considered carefully were the particular site conditions of
the proposed Quantico marina basin, in regards to boating and
navigation characteristics. It is important to note "that the
project site is quite unique with its immediate access to the
minumum 25-ft deep waters of the main channel of the Potomac
River. This implies that the boats will spend virtually
negligible navigation time between the marinma and the main
channel of the Potomac River.

by
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A discussion was held with Mr. Rusty Arcuni, the Harbor Master

of the Marine Corps Base marina and dock, on the overall features
of the facility in regards to boating. It was learned that

there has been a significant demand for slips to accomodate
larger boats mainly because of the extreme proximity of the wide
open and deep waters of the Potomac River. Similar conditions

and criteria will certainly be valid for the propocsed marina.

Preliminary Features of the Marina Structures and Facilities

The main features of the proposed marina will be two floating
piers with slips on both sides and on ends, additionmal slips

off a floating dock along the marina side of the breakwater, the
seawall with t least partial improvements and a boat ramp. 0Of the
several possible configurations and number of slips, the ultimate
selection will depend on both economic and environmental factors,
including the typical dimensions of these structures (refer to
Table 15.1), but perhaps more importantly, the extent of dredging
that can be realized. »

Two dredging scenarios considered for the proposed marina basin
are illustrated in Figures 15.3 and - -15.4. Dredging Scenario No. 1
is to accomodate 143 slips and calls for lowering the bottom
elevation to an elevation of approximately -8 MLW between the
Tees of the floating piers and the breakwater, while the
remainder of the basin would be lowered to the approximate
elevation of -6 MLW. Dredging Scerario No. 2, on the other hand,
involves a largely '"scaled—-down" dredging toc accomodate 68 slips
only at the deeper portions of the basin. The possible dock
configurations for these two cases are summarized in Table 15.2.

The marina layouts considered above are based on a breakwater
constructed with the proposed alignment to protect the basin
from northerly storms. Without the breakwater, the marina would
be reduced from that of a sheltered harbor to an open pier. A
marina with a very small number s$lips will probably not justify
the cost of the breakwater.

Section 15.6 presents the principal elements and the associated
preliminary cost estimates for the proposed project and four
additional alternatives. Regarding the extents of dredging and
docking configurations considered, these alternatives provide a
fairly wide spectrum of the potential applications. Nevertheless,
a more detailed study will eventually be needed to determine the
extent of dredging, boat size distribution, dock and slip layouts
desired and to finalize breakwater alignment and cross section,
subsequent to the resolution of the enviromnmental questions.

i»
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Materials and Construction Methods

After a review of the available literature, several discussions
and correspondence with several manufacturers and contractors,
site-specific conditions and regional trends, it was determined
that the floating docks will consist of modular deck and frame
systems with standard fenders and anchorage or support piles. It
is a common feature of these systems that polyethylene floats
with polystyrene beads provide long-lasting protection against
salt-water corrosion, ice and bocat impact damage, and harmful
marine biota. Floating docks also provide a specified freeboard
and adequate spacing for passage of currents, debris and ice.
Furthermore, ice control equipment (ice-eaters) will virtually be
a mendatory option for this project.

The construction and installation methods and the equipment used

vary among the manufacturers, Adequately prepared specifications
and inspection procedures would ensure environmentally feasible,
economically viable and structurally safe floating docks.

Preliminary Cost Estimates

For the proposed project, the floating piers involve 1,620 feet
of the B-foot wide standard docks, and an additional 180 feet of
12-foot wide fuel docks. Currently, the average unit cost of the
typical floating docks is $23.00 per square feet (SF) of the deck
area for the material and installation, with additional $6.30/SF
for utilities and approximatelty $8.00/5F for guide piles. Hence,
applying a total installed unit cost of $37.50/5F, the estimated
cost of the floating docks for the proposed scenario becomes:

[(1,620°)(B')+(180°)(12')] [$37.50/SF] = (15,120 SF) ($37.50/SF)
= $567,000.

Cost estimates for the fleoating pier components of the various
alternatives considered are presented in Section 15.06.

15.C. BREAKWATER

Preliminary Configquration

As depicted by Exhibits 3 or 4, the configuration of the proposed
breakwater is basically a symmetrical image of the Marine Corps
Base marina on the south side of the Marine Corps Base dock with
the dock itself being the axis of symmetry. This configuration

is recommended for all alternative designs. However, its exact
point of attachment to the shoreline may be subject to revision
due to easement and setback requirements to be determined later.
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The breakwater is formed of two principal segments. The portion
attached to the shoreline is approximately 450 ft long, and
parallel to the northern edge of the Marine Corps Base dock. As
such, this segment is also approximately perpendicular to both
the shoreline and the north-north-east direction expected to
produce the "design storm" waves. The second segment is nearly
280-ft long and defines the northern end of the inlet to the
proposed marina basin, whereas the inlet’'s southern end is
defined by the Marine Corps Base dock.

Based on tidal and riverine flood evaluations and design wave
predictions, the top elevation for the breakwater was set as 7.0
ft above MLW for the entire breakwater for the purposes of this
concept study. This top elevation is about 1.5 ft higher than the
that of the Marine Corps Base dock, and expected to provide a
safe harbor for the marina basin with a fairly low risk of being
overtopped during most storms.

Materials and Construction Method

Structurally, the breakwater will be constructed of precast
reinforced concrete pipe/piles with timber fillers, quarry-stone
riprap toe protection on the outboard side of the wall, and a
reinforced concrete slab cap on top. A typical section of the
breakwater is shown schematically in Figure 13.

Based on preliminary geotechnical and hydrodynamic evaluations,
the precast reinforced concrete piles was tentatively set to be 4
ft in diameter with 5-inch wall thickness and 25-ft length in
deeper parts of the basin. These dimensions would be typical for
the offshore segment of the breakwater with the proposed dredging
conditions. For less dredging and near the shoreline with
shallower depths, these dimensions would decrease. In particular,
the pile length required could be reduced to about 15 ft.
However, determination of the actual pile lengths required must
await detailed geotechnical investigations and finalization of
the basin geometry.

The piles will be driven using several inches of space and timber
fillers will be applied after all the piles are in place. These
timber fillers could be sized to fit locally and will render the
wall basically impermeable. In addition to providing a smoother
surface on the marina side, use of spaced pilings will also help
reduce the risk of pile damage during driving and will result in
significant savings in both material and labor costs.

The top of the piles will be covered with a minimum 18-inch thick
reinforced concrete slab running along the entire breakwater.
The primary functions of this slab will be to provide lateral
support for the piles and uniform appearance to the wall despite
the likely unevenness of the pile tops after they are driven.
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The marina side of the breakwater wall will be a vertical wall
extending down to the existing or otherwise dredged bottom. This
is not expected to promote local scour at the base of the wall

in view of the low-speed boating and otherwise calm waters within
the marina basin. '

In order to reduce the risk of scour on the outer side of the
wall exposed to the waves and currents of the Potomac River, on
the other hand, quarry-stone type riprap will be placed along its
base for toe protection. For a design wave height aof 4.5 ft,

the average weight of the armor stone required will be about

640 1lbs, increased to nearly B75 lbs for a 5-ft high design
wave., The Shore Protection Manual suggests that a +25%-spread
should be applied around these average sizes to determine the
minimum and maximum sizes of stone for the top layer of a stone
revetment. It should be noted, however, that these stones will
provide toe protection to the breakwater, and as such, all be
submerged at least 2 ft below water surface, unlike a stone
revetment which would be directly exposed to the oncoming waves.
It should also be remarked that these stone sizes are applicable
for the offshore seaments of the breakwater with relatively deep
water and the waves breaking in the immediate vicinity of the
breakwater thus dorectly and fully impacting the structure.

As the water depth decreases towards the shoreline along the
outer wall of the breakwater, smaller size stones may be used
because of the reduced wave height due to shoaling effects and
breaking of waves farther away from the breakwater.

The preceding caonsiderations lead to the following design
recommendations for the riprap protection:

o use 200-1b to 800-1b armor stones to form the top layer;

use gradually smaller armor stones near the shoreline, but

no less than 200-1b to 400-1b stones on the top layer;

use the heavier stones to form a minimum 3-ft wide toe;

excavate minimum 1-ft below existing grade to place the toeg

use smaller (50-1b to 100-1b) stones for the lower layers;

use a woven plastic filter cloth along the entire base of

the riprap and up the face aof the breakwater;

provide 2-ft wide top and 2:1-sloped face for the riprap as

determined by the local water depth:

o provide the 3-ft wide toe as a minimum, even where the water
depth is shallow and does not allow for a sloped-—-face.

0000 8]

u]

An adequately designed riprap will efficiently dissipate the
energy of oncoming waves, and thereby minimize reflection and
virtually eliminate the risk of local scour in front of the
breakwater. It will also provide a favorable environment for the
shallow water habitat with its essentially porous strcuture.
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Preliminary Cost Estimates

- PRECAST CONCRETE PILES:

The 4-ft diameter, circular, precast reinforced concrete piles
will be spaced at approximately 5-ft intervals. For all piles,
the top elevation will be approximately constant, about 1.0°
below the top of the reinforced concrete cap running along the
entire breakwater, pile top elevation of +6.0 MLW, The bottom or
the tip elevation will depend on the actual location of the pile,
and governed by the detailed design requirements accounting for
the local geotechnical and design wave characteristics. For the
"offshore segment"” of the breakwater runnihg nearly parallel to
the shoreline, where the water depth adjacent to the breakwater
will be maximum with the existing or otherwise dredged bottom
elevation being approximately -7.0 MLW, with nearly 28-ft long
piles, depending on the stiffness of the local soil strata. For
the shallowest regions of the breakwater, the minimum value

of 16 ft is used. Thus:

Total of 146 piles: &6 @ B8-ft, 20 @ 24-ft, 20 @ 20-ft, and

40 @ 16-ft; total of 3,368-ft length for all piles, unit cost of
$953/LF (linear foot, vertical, in place, including the treated
timber fillers=, and hardware): 3,34B-ft x $93/LF = $312,960

PRECAST CONCRETE CAP:

The cap section of the breakwater will be reinforced concrete,

probably cast in place after the piles are driven, with a total
(conservative) volume of &6-ft wide x 2-ft deep x 730-ft long /

(27 cu—-ft/C.Y.) = 325 C.Y., and estimated cost of:

@ $175/C.Y. (in place)= $56,875
HAND RAILS:

A pair of aluminum hand rails will run along each side of the
top of the breakwater, with a total length of 2x730 ft=1,460 ft
and estimated cost of:

@ $41/LF (in place) £39,840

QUARRY-STONE RIPRAP TOE PROTECTION:

Four different typical cross sections were considered for the
quarry-stone riprap for toe protection to be placed along the
outer wall of the breakwater based on the local water depth.
All of these cross sections have the same apron-top elevation
of -2.0 MLW; whereas the toe-—-top elevation varies between -6.0
and -2.0 MLW, as tabulated below:



DESCRIPTION/LOCATION APPROX APPROX. APPROX.
LENGTH AVE.TOE VOLUME
OF TOE-RIPRAP SEGMENT [FT1 ELEVIFT] [C.Y.]
N-S Segment, Offshore 280 -6.0 518.95
W-E Segment, outermost 50’ 50 -6.0 ?2.6
W-E Segment, next 200" 200 -3.0 192.6
W-E Segment, next to shore ~ 200 *=-2.0 44.1
Entire Riprap ToeAPfotection 730 847.8

With unit weight of 1.5 Tons/C.Y., total weight =>> 1,300 tons

Use unit cost of $50/Ton for guarry-stone riprap toe in_place:

Total Cost of Quarry-Stone Riprap Toe Placed = $65,000
Based on the above, the total estimated cost of the entire
breakwater may be evaluated as follows:

Subtotal, Construction Cost $501,695
Mobilization, @ 2.5% of Construction Cost $ 12,543
Subtotal, Construction + Mobilization Costs $514,237
Contingency, @ 20% of Construction+Mobilization Costs $102,847
TOTAL BREAKWATER COST . $417,085
AVERAGE COST OF BREAKWATER ($617,085/730 ft) = $845/LF

ALTERNATE DESIGN: QUARRY-STONE BREAKWATER

An alternate design to the breakwater with precast concrete piles
referred to above is a guarry-stone breakwater with the following
preliminary features for its maximum cross section:

Top width = 4,0 ft Top Elev = +7.0 ft
Side Slopes = 2:1 - Toe. top Elev = -6.0 ft
Toe Width = 4,0 ft Toe bottom Elev= -8.0 ft

The minimum cross section, on the other handy will have:

Top width = 4.0 ft Top Elev = +7.0 ft
Side Slopes = 2:1 Toe top Elev = =-0.0 ft
Toe Width = 4,0 ft Toe bottom Elev= -2.0 ft

Quarry-stone in the 600-1b to 1,200~1b range would be recommended
to provide stability for the top layer of the breakwater against
design wave heights of up to 5.0 ft where the breakwater is at
its maximum size. For the layers below the top layer, and along
the segments of the breakwater with shallower water -depths, the
stone size may be as low as 200-1b to 800-1b range. With 330 ft
of the full section, and the remaining 400-ft transition to the
minimum cross section, the following preliminary quantity and
cost estimates are obtained:



11,600 C.Y = 17,400 tons of 200-1b to 1,200-1b guarry-stone:

@ $50/ten in place (including filter cloth) = ¢ 870,000
Contingency @ 137 (Lower-risk construction) = 4% 130,300
TOTAL QUARRY-STONE BREAKWATER COST = $1,000,300

AVERAGE COST OF BREAKWATER (%$1,000,500/730 ft)= $1,370/LF

A comparison based strictly om the preceding preliminary cost ]
estimates for the proposed and alternative breakwater scenarios
clearly favors the proposed scenario.

15.D. SEAWALL IMPRQVEMENTS

Preliminary Configuration

The proposed scenario with breakwater involves replacement of
the deteriorated portion with a full-section stone revetment and
improvement of the remainder portion of the existing seawall with
wedge—-shaped stone reinforcement and otherwise minor repairs.

The deteriorated portion of the existing seawall is approximately
100-ft long, and it exhibits broken concrete rubble, considerable
wash-off of backfill material and exposed roots of three trees
within 10 to 15 feet of the wall alignment. This segment would

be replaced by a full-section quarry-stone revetment with a top
elevation of +5.0 MLW at its S-ft wide apron, 2:1-sloped face and
4-ft wide toe and the toe top placed at approximately at MLW,
with the typical geometrical features as shown in Figure 15(a).

The segment of the wall to be reinforced covers nearly 200 ft of
the shoreline within the proposed marina basin area. As shown in
Figure 15(b), the riprap toe protection would be wedge-shaped,
with a top elevation of +2.0 MLW at its 2.0-ft minimum wide
apron, a 2:1-sloped face where required, and the toe~top again
placed at approximately MLW. This reinforcement may be extended
as necessary beyond the marina basin portion of the shoreline,
excluding perhaps the beach segment of the shoreline.

It is recommended that the shoreline segment north of the Town
property be also stabilized with or without the breakwater. This
may be achived using the full-section stone revetment where there
is no structure protecting the shoreline or the wedge—-shaped
reinforcement with the same features as those being recommended
for the Town's shoreline. Consequently, the off-site shoreline
improvements would basically be a continuation of the Town's
stabilized shoreline.



Materials and Construction Method

Quarry-stone will be used for both the full-section revetment and
stone reinforcement. With the breakwater in place, the stones
along the Town's shoreline will be in the 200-1b to &00-1b range.
Because the offsite segment of the shoreline in the north
adjacent to the Town’'s shoreline will be exposed to northerly
storms irrespective of the breakwater, 600-1b to 1,600-1b armor
stones should be used to protect this segment of the shoreline.

In either case, larger stones will be placed to form the tos

section, with smaller stones to be placed up the 2:1-sloped face
forming at least a 2-stone thick section. In order to form a
relatively smooth surface and provide added stability, 50-1b to
200-1b stones will be used for “chinking" the armor stone,
particularly in the case of the full-section stone revetment.
The existing bottom will be excavated a minimum of 1-ft for toe
placement, and elsewhere along the base of the structure as
necessary. This will reduce the risk of instability due to local
scour and settlement in the future.

Woven plastic filter cloth will be laid along the entire base of
the stone structures with the fabric material not extending
beyond the base to prevent the risk of local scour induced by the
possible flopping motion of material. Over the filter cloth, a
protective layer 3-inch to B8-inch bedding-stone will be placed
before the quarry-stone layers are placed.

Any existing storm drain pipes will be extended through the stone
revetment or stone reinforcement structure to discharge at the
1:2-sloped face with an invert elevation at or above MLW in

order to énsure adequate outfall.

Finally, it is important that these structures be constructed by

the method of "placement" and not by "dumping" the stones in
order to achieve long-—-lasting stability.

Preliminary Cost Estimates

Based on the preceding considerations and the geometric features
shown in Figures 14(a) and 14(b) in Section III.B, the following
preliminary cost estimates were obtained:

DESCRIPTION/LOCATION APPROX APPROX APPROX

‘ LENGTH VOLUME WEIGHT
OF STONE STRUCTURE {(FT] (€Y [TONS ]
Full-Section Stone Revetment 100 196 7 275
Transition Section 50 73 105
Stone Reinforcement 150 135 217
Entire Improvement 300 424 597



Using 600 toms of guarry-stonme and unit cost of $50/ton in place
including mobilization, excavation for toe placement, material
and labor for bedding stone and filter fabric:

Construction cost, seawall improvement - = $30,000
Additional wall repair and regrading, etc. =% 7,500

Subtotal, construction cost = $37,500
Contingency, @20% of subtotal construcﬁion cost = $ 749500
APPROXIMATE STONE SEAWALL IMPROVEMENT COST = $45,000
AVERAGE COST OQF IMPROVEMENT PER L.F. OF SEAWALL = $1350Q/LF

Because the average cost of stone delivered to site, its handling
by the conventional equipment and other labor associated with
armor—stone structure construction are practically independent

of the armor-stone size range considered for this project, the
above cost estimates are valid for stone shoreline improvement
scenarios both with and without the breakwater in place.

15.E. DREDGING

Preliminary Characteristics of Dredge Material

An importamt objective of the enviromnmental field measurements
was to gather water and cediment samples in representative
locations throughout the project area and assess the likelihood
of the presence of hazardous or otherwise environmentally
sensitive constituents in the basin material proposed to be
dredged. These investigations were further supplemented by a
review of the general water gquality of Potomac River in the
region, a preliminary geologic evaluation presented in the
Geotechnical Consultant’'s Report, and an overall evaluation of
the chances for hazardous waste disposal in the vicinity that
would possibly impact the project area, and the bottom sediments
in the proposed marina basin, in particular.

No heavy metals were encountered in these samples, leading to
the conclusion that the likelihood of finding toxic constituents
in the marina basin was practically negligible.

It was also determined that the material is mostly granular with
particles finer tham 0.1 mm being no more than 20 % towards the
southwest corner of the basin, and less than S/ elsewhere in the
basin, with no cohesion or otherwise plastic behavior. There is
a chance of encountering cobble size material, according to the
general geologic information available for the vicinity, which
has the potential of complicating dredging activities to a
certain extent, at least locally.



t can be concluded, nevertheless, that the dredge material is
not likely to present any major environmentally unfavaroble
characteristics during the actual dredging, transportation or
disposal phases of the dredging operations, irrespective of
whether the proposed dredging is carried out hydraulically or
mechanically.

Approximate Quantities

Two dredging scenarios are considered in conjunction with the

. proposed marina layouts shown schematically in Figures 135.3 and

15.4. Dredging Scenario No. 1 is aimed at accomodating a full-
scale marina under the given environmental circumstances of the
basin, while Dredging Scenario No. 2 seeks to minimize the amount
of dredging for a viable marina. In both cases, the marina is
confined to the northern half of the basin, leaving the southern
half adjacent to the Marine Corps Base dock quite undisturbed.
Dredging Scenario Neo. 1 calls for dredging the bottom of the
basin to an average elevation of -8.0 MLW outboard from the
proposed fueld dock or the end of the floating piers, and to an
average elevatiom of -6.0 MLW virtually up to the shoreline 1in
the remainder of the proposed marina area. Under this scenario,
assuming a 3:1 slope along the perimeter of dredging, the total
dredge volume will be approximately 30,000 cubic yards and the
total surface area to be disturbed will be nearly 5.0 acres. The
area disturbed will be about 56% of he total basin area, defined
essentially by the Marine Corps Base dock, the shoreline and the
proposed breakwater.

For Dredging Scenario No. 2, the approximate dredge volume and
surface area of disturbance are reduced to 4,300 cubic yards and
2.5 acres, respectively, corresponding to a drastically reduced
surface area disturbance of only 28% of the entire basin area.

It should also be noted that "nmo dredging"” is not a practical
option when associated with a marina of virtually any size, -’
however small it may be. Even though the marina area may be
drastically reduced and confined to the naturally deepest
portions of the basin, there will nevertheless be some periodic
distuirbance of the bottom. In order to assure safe navigation
conditions for the boats, it will be necessary to periocdically
clear any local deposits of the sediments along with any
submerged aquatic vegetation that may emerge cn the bottom.

Proposed Dredging Method and Alternative Scenarios

Depths involved and the size range and type of sediments found in
the bottom of the basin area do not suggest either mechanical or
hydraulic method of dredging to be preferred over the other. In
the case of this project, the final determining factor will be
the actual dredge volume that will be handled, the location of
the dredge disposal site and the overall environmental features
of each scenario.



a

If only a small amount of material is dredged from the deepest
parts of the basin, it would probably be performed mechanically
by a clamshell, for example, and either barged or trucked to the

disposal site.

If a relatively large quantity is to be dredged and the material
in the deeper portions of the basin bottom is adequate, hydiraulic
dredging may be more feasible. In this case, the dredged material
would presumably be pumped on to a barge anchored in the deep
channel next to the dredging area and hauled away to a certified
disposal site more economically. An overland slurry pipeline
would become another viable alternative if an upland disposal
site is found within a sufficent distance to the marina basin.

A final decision as to the choice of dredging method must await
the selection of the dredging scenario, dredge disposal site and
relevant economic and environmental evaluations.

Preliminary Cost Estimates

Without having selected a dredging scenario or dredging and
disposal methods, it is possible to estimate only a plausible
range of dredging costs for the proposed project. For this
purpose, the unit cost of dredging will be assumed to be in the
range of $10/ton to %$15/ton, corresponding to the optimistic and
worst scenarios. Using these values and the quantity estimates
for the two scenarios that involve actual dredging, the following
are obtained. .

Dredging Dredge Volume % of Basin Cost Range (%)

Scenario . Disturbed Low High
No. 1 . 30,000 CvY 567 300,000 430,000
No. 2 4,500 CY 28% 45,000 &7,500

These estimates show that a 50% reduction in the surface area of
the basin disturbed will accomodate slightly less than half the
number of slips but provide a nearly eight-fold reduction in the
volume and the estimated handling cost of the dredge material.

15.F. TIDAL FLUSHING

The term "tidal flushing" refers to the renewal of a marina
basin‘s waters by tidal action, but also includes contributions
of riverine, wind-driven and density currents to the process.
The primary purpose of a tidal flushing study is to estimate the
average time it would take for the tidal exchange and other
hydrodynamic action to dilute the concentration of a pollutant
introduced to the marina basin to a specified acceptable level.
The basin and inlet geometry, basin volume and tidal ranges are
the basic parameters controlling the process.



The process of temporal (varying with time) and spatial (varying
with space) dilution of a point-source or nonpoint-source
pollutant in a tidal basin can easily be extremely complex
depending on these parameters. An analytical sclution to this
complex turbulent diffusion and dispersion problem does not
exist., Numerical solutions can be obtained for specific site
geometry and hydrodynamic conditions using finite-differerfce and
finite-element methods that are available. However, engineers
widely prefer using the "tidal prism” models in marina water
quality evaluations, because these models are relatively simple
to use and also known to provide generally conservative results.

Such a simplified "tidal prism" model recommended by the U. S.
Environmental Protection Agency is illustrated schematically in
Figure 15.5, along with the recommended equation to calculate
the "time of flushing"” for these semi-open marinas. Of the
various simplifying assumptions inherent to this model are that
complete mixing occurs at all times for both pollutants and tidal
motion in the basin, and that the residence time of a pollutant
in the basin is equal to the time it takes to replace the basin
volume at the average tidal exchange rate. A "sensitivity"
analysis was performed with this model to evaluate the overall
water quality characteristics of the proposed marina basin.

The simplified EPA equation defined in Figure 15.5 employs the
tidal-prism concept in estimating an approximate "flushing time"
required to reduce or dilute a pollutant to a desired fraction of
its original concentration, designated by D in the formula. In
the sensitivity calculations for this project, 2%, 5% and 10%
dilution levels were used for D.

Taken as constants for the project were the surface area and the
volumes of the marina at low and high tide levels, and the time
between consecutive high tides. Another parameter that was varied
in these calculations was the return flow factor, b, or the
fraction of the previously flushed pollutant to return to the
marina. It is conceivable, however, that this parameter is
probably very close to zero. Indeed, considering the size and
depth of the river cection and the river channel velocities in
comparison with those of the marina, it is quite unlikely for a
pollutant flushed out of the marima basin into the river by the
tide to return to the basin within the next tidal cycle nearly
12.5 hours later, even in miniscule fractions. Nevertheless, a
series of calculations were performed with return flow factor
values of 2%, 5% and 10%.

Table 15.3 summarizes the results obtained with the sensitivity
calculations, whereas Figure 13.6 illustrates the variation of
the expected flushing periods for varying marina basin depths and
dilution levels. As expected, the flushing period decreases as
the "dredge'" depth of the marina basin is decresed and as the
desirable dilution level is increased. More specifically, these
relatively conservative calculations indicate that it will take
approximately three days to dilute a peollutant’'s concentration to
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FIGURE 15.5 - Schematic Of Representative Semi-enclosed:
Marina Basin And Relevant Simplified Tidal
Flushing Model

. (Source: U.S. Environmental Protection Agency,
Coastal Marinas Assessment Handbook)



Table 15.3 - Tidal Flushing Calculations with EPA Model

Source: US Environmental Protection Agency, Coastal Marinas Assesssent Handbook, 19895.

Simplified equation to estimate tiame of flushing for a confined smarina:

TF = Tc # Log (D} / Log {[VL+b(VH-VL)-VF1/VH)
whera: Typical Project Dats
Tf = Tiae of flushing [hrs] z 196.3 fhrs = 8.2 days
Tc = Tise between consecutive high tides [hrs) : 12,3 brs
0 = Desired dilution level = 107
VL = Volume of water in the Marina at Low Tide : 19,200 cu-ft
VH = Voluse of water in the Marina at High Tide z 22,800 cu-ft
VF = Fresh water intlow to the amarina during one tidal rycle = 0 cu-ft
b = Fraction of previous flushing retyrning to the marina = 21
Also used in tabular data presentation:
A = Marina surface ares [sq-ft] = 2,400 sq-ft
DL = Depth of water in the sarina at Low Tide = 8.0 f{t
OH = Depth of water in the marina at High Tide z 9.3 ft
DT = Tidal range (=DH-DL) [ft] s 1.3 ft

QUANTICO MARINA - Sensitivity Calculations

Te ] b A TR DL DM WL VH Tt Tt

[hrs] [sq-ft] [ft] [ft] [ft] [cu-ft] [cu-ft] [hrs] [days]
12.50 0,02 0.10 2,500 1.3 8.0 9.3 20,000 23,750 319.0 13.29
12.50 0.02 o0.10 2,500 1.5 7.0 8.5 17,500 21,250 282.7 11.78
12.50 0,02 0.10 2,500 .5 6.0 7.3 13,000 18,750 246.4 10.27
12,50 0.02 0.10 2,500 1.5 5.0 4.5 12,500 16,250 210.0 8.75
12,50 0.02 0.10 2,500 1.5 4.0 5.5 10,000 13,750 173.6 7.3
12.50 0.02 0.16 2,500 1.5 3.0 4.5 7,500 11,230 137.1 5.71
12,50 0.05 0.10 2,300 1.5 B.0 9.5 20,000 23,730 244.3 10.18
12.50 0,03 0.10 2,500 i.,5 7.0 8.5 {7,500 21,250 216.5 9.02
12.50 0,05 0.10 2,300 1,5 6.0 7.3 13,000 18,750 188.7 7.84
12.50 0,05 ¢.10 2,500 1.5 3.0 6.5 12,500 14,250 160.8 6.70
12,30 0,05 0.10 2,300 1.5 4.0 5.5 10,000 13,750 133.0 5.54
12.50 0,05 0.10 2,300 1.5 3.0 4.5 7,500 11,250 105.0 4.37
12.5¢ 0.10 0.10 2,500 .5 8.0 9.5 20,000 23,750 187.8 7.82
12.50 0.0 0.10 2,500 1.5 7.0 8.5 17,300 21,250 166.4 6.93
12.50 0.10 0.0 2,500 1.5 6.0 7.3 15,000 18,750 145.0 6.04
12,50 0.10 0.10 2,500 1.5 5.0 6.5 12,500 16,250 123.6 3.1
12.50 0,10 0,10 2,500 1.3 4.0 5.3 10,000 13,750 102.2 4.26
12,50 0.10 0.10 2,500 1.5 3.0 435 7,500 11,250 B0.7 3.3



OUANTICD MARINA - Sensitivity Calculations (Cont'd}

Tc D b A W DL DH v W If Tf
{brs] [sq-ft] {ft] (ft] ([ft] [cu-ft] (cu-ft] (hrs] [days]
12,50 0.02 0.05 2,500
12,50  0.02 0.05 2,500
12,50 0.02 0,05 2,500
12,50 0.02 0.05 2,500
12,50 0,02 0.05 2,500
12,50  0.02 0.05 2,500
12,50 0.05 0.05 2,300
12,50 0.05 0,05 2,500
12,50 0.05 0.05 2,500
12,50 0.05 0.05 2,500
12.50  0.05 0.05 2,300
12.50  0.05 0.05 2,500
12,50 0.10 0.05 2,500
12,50  0.10 0.05 2,300
12,50 0.10 0.05 2,500
12,50 0,10 0.05 2,500
12,50  0.10 0,05 2,500
12,50 0.10 0.05 2,500

20,000 23,750 300.9 12.54
17,500 21,250 266.5 11.10
15,000 18,750 232.1 9.67
12,500 16,250 197.6 8.23
10,000 13,750 163.1 4.79
7,500 11,250 128.4 5.35
20,000 23,750 230.4 9.40
17,500 21,250 204.1 B8.50
15,000 18,750 177.7 7.40
12,500 14,250 154.3 .30
10,000 13,750 124.9 5.20
7,500 11,250 98.3 4.10
20,000 23,750 177.1 7.38
17,500 21,250 156.9 .54
15,000 18,750 136.6 5.49
12,500 16,250 116.3 4.85
10,000 13,750 96.0 4.00
7,500 11,250 75.6 3.15
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12,50 0.02 0.02 2,500 1.5 8.0 9.5 20,000 23,750 290.9 12.12
12.50 0.02 o0.02 2,500 {.5 7.0 8.5 17,300 21,230 257.3 10.73
12.5¢ 0.02 0.02 2,500 1.5 6.0 7.5 15,000 18,750 724.2 9.34
12,30 0.02 0.02 2,500 1.3 3.0 6.5 12,500 16,250 190.7 7.95
12.5¢ 0,02 0.02 2,500 (.5 4.0 5.5 10,000 13,750 157.2 4.55
12.50 0.02 0.02 2,500 1.5 3.0 4.3 7,500 11,250 123.6 3.13
12.50 0.05 0.02 2,500 1.5 8.0 9.5 20,000 23,750 222.8 9.28
12,50 0,05 0.02 2,500 1.5 7.0 6.5 17,300 21,250 197.2 8.22
12.50 0.05 0.02 2,500 1.5 &.0 7.5 15,000 18,750 171.7 7.15
12,50 0.05 0.02 2,500 1.5 5.0 6.5 12,500 16,250 146.1 6.09
12.50 0.05 0.02 2,500 1.5 4.0 5.5 16,000 13,750 120.4 5.02
12.50 0.05 0.02 2,500 (.3 3.0 &35 7,500 11,230 94.7 3.94
12,50 0.10 0.02 2,500 1.5 8.0 9.5 206,000 23,750 171.2 7.13
12,50 0.10 0.02 2,500 1.5 7.0 8.5 17,300 21,250 151.6 &.32
12,50 0.10 0.02 2,590 1.3 &.0 7.5 15,000 18,750 131.9 5.50
12,50 0.10 0.02 2,500 1.3 5.0 4.5 12,500 15,250 112.3 4.68
12,30 0,10 0.02 2,500 1.5 4.0 5.5 10,000 13,750 92.6 3.86
12.50 0.10 0.02 2,500 (.5 3.0 4.3 7,500 (1,250 72.8 3.03
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nearly 104 of its original value, and no more thanm five days to
dilute the same to the 2% level. Based on the general guidelines
provided by the EPA manual, these results indicate satisfactory
"flushing" characteristics for a marina.

There are several other factors that should be considered to
ensure a satisfactory water gquality and flushing characteristics
for a marina. It is extremely important that the bottom slope
within the marina is consistently positive and preferably
increases towards the inlet sectionm. Additionally, there should
be virtually no "dead-zone" corners within the marina basin,
whereby effective circulation is prevented by inappropriate
geometric features of the docks, groins and breakwaters.

The preceding principles and guidelines were taken into'due
consideration in the geometric design of the proposed marina
both in plan and elevation views.

13.G6. COST OF THE PROPOSED PROJECT AND ALTERNATIVES

Based on the various environmental and economic characteristics
presented in this study, the principal components of the proposed
project and its four alternatives were identified. Based on the
individual project component costs and descriptions provided in
Table 15.4, a summary of project descriptions and overall cost
estimates for the proposed project and each of its alternatives
are given in Table 15.S.

It should be emphasized that these design alternatives and the
associated costs are subject to refinement and revisions due
to environmental, economic and policy-related developments and
constraints likely to affect the future project conditions.
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Table 15.4 - Sumaary of Prelisinary Cost Estimates for Major Project Companents

Project Component and Priaary Features

Coaponent Cost

Shorelines Stabilization, Quarry-Stone Revetment and Riprap Toe
Shoreline: Stabilization and Seawall Repair for Miniaua Protection
Breakwater: Precast Reinforced Concrete Pipe/Pile and Riprap Toe
Breakwater: 400-1b to 1,5600-1b Arsor Stone, Full Section

Two Floating Piers: Dock along Concrete Breakwater, 143 Slips

Two Floating Piers: No Dock along Stone Breakwater, 110 Slips

Two Floating Piers: Dock along Comcrete Breakwater, 68 Slips

Two Floating Piers: No Dock along Stone Breakwater, 40 Slips

Single Floating Pier: with Tee only, Total of 400 ft, 20 Slips
Dredging: DS ¥1, Dredge 56% of basin to EL= -4° and -8°

Dredging: DS #2, Dredge 281 of basin to EL= -4' and -4’

Dredging: Minisuam dredging (grubbing) only at deep waters

Upland Riverfront Park: Beach, Parking and Spur Access for 143 Slips
Upland Riverfront Park: Beach, Parking and Spur Access for 110 Slips
Upland Riverfront Park: Beach, Parking and Spur Access for 48 Slips
Upland Riverfrant Park: Beach, Parking and Spur Access for 40 Slips
Upland Riverfront Park: Beach, Parking and Spur Access for 20 Slips

Upland Riverfront Park: Spur Access, Minisus [sprovesents

$

$

$

45,000
20,000
625,000
1,000,000
567,000
361,500
483,840
308, 460
153,600
450,000
87,500
15,000
30,000
30,000
15,000
10,000
5,000

3,000



Table 13.% - Susmary of Prelisinary Cost Estiaates for Proposed Project and Several Alternatives

Features of Proposed Project and Selected Alternatives

Project Cost

Slips

PROPOSED PROJECT:

Precast Reinforced Concrete Pipe/Pile Breakwater with Timber Fillers;
Stone Riprap Shoreline Stabilization with Seawall and Beach Iaproveasent;
143-S1ip Marina with Two Floating Piers; &' and 8 Dredging (30,000 CY};
Parking and Spur Access Ieproveaents in the Upland Riverfront Park Area

With Arsor-Stone Breakwater [instead of Concrete), 110-slips

ALTERNATIVE f:

Siailar to Proposed Scenario, but with auch less Dredging; includes
Pracast Reinforced Concrete Pipe/Pile Breaskwater with Timber Fillers;
Stone Riprap Shoreline Stabilization with Seawall and Beach Improvesent;
58-S1ip Marina with Two Floating Piers; Much Less Dredging (4,500 CY);
Parking and Spur Access Improvesents in the Upland Riverfront Park Area

With Arsor-Stone Breakwater (instead of Concrete), 40-slips

ALTERNATIVE 2:

No Breakwater; Min. Dredging; Single Floating Pier with Tee; 20 Slips;
Stone Riprap Shoreline Stabilization with Seawall and Beach Iaprovesent;
Minor Parking and Spur Access Isproveaents in the Upland Park Ares

ALTERNATIVE 3:

No Breakwater: No Piers; No Marina Facilitiesy No Dredging in the Basinj
Seawal] Repair for Minisua Shoreline Protection and Beach Iaprovesent;
Minor lsprovesents in the Upland Area

ALTERNATIVE 4:

No Breakwater; No Piers; No Dredging in Basiny Stone Riprap Shoreline
Stabilization with New Seawall for Substantial Shoreline Protection;

Ninor Beach, Parking and Spur Access [aprovesents in the Upland Area

$

$

$

1,717,000

1,886,500

1,236,340

1,430,980

218,400

23,000

50,000

143

110

b8

40

20
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Fairfax, VA
Annapolis, MD
Baltimore, MD
Gaithersburg, MD
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Prince Frederick, MD
Danville, VA
Leesburg, VA
Manassas, VA
Marion, VA
Richmond, VA
Woodbridge, VA
Raleigh, NC
Johnson City, TN




